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Description 

[0001] The present invention relates to implantable 
medical devices, and more particularly, to an implanta- 
ble dual-chamber pacemaker that automatically adapts 
its atrioventricular (AV) delay, or AV interval, in order to 
avoid fusion beats. 

[0002] The heart is a pump that pumps life-sustaining 
blood throughout the body of the patient. The human 
heart comprises a left side and a right side with each 
side having a first chamber Known as the atrium, and a 
second chamber known as the ventricle. The atrium 
receives blood returning from other body locations. At 
an appropriate time, determined by the sinoatrial (SA) 
node, an electrical stimulus is provided that causes the 
muscle tissue surrounding the atrium to depolarize. 
Depolarization of the atrial muscle tissue is manifest by 
the occurrence of an electrical signal known as the P- 
wave. Immediately following the P-wave, the atrial mus- 
cle tissue physically contracts, forcing the blood held in 
the atrium through a one-way valve into the ventricle. 
The SA node stimulus that caused the atrium to depo- 
larize also travels to the ventricle through the atrioven- 
tricular (AV) node and the atrioventricular (AV) bundle. 
The AV node is a mass of modified heart muscle situ- 
ated in the tower middle part of the right atrium, ft 
receives the impulse to contract from the sinoatrial 
node, via the atria, and transmits it through the atrioven- 
tricular bundle to the ventricles. The AV bundle is a bun- 
dle of modified heart muscle fibers (Purkinje fibers) that 
pass from the AV node forward to the septum between 
the ventricles, where it divides into right and left bun- 
dles, one for each ventricle. The fibers thus transmit the 
SA node stimulus from the atria, via the AV node, to the 
ventricles. However, as the SA node stimulus travels 
through the AV bundle, it is delayed by an amount com- 
mensurate with the same time it should take the blood to 
physically flow from the atrium to the ventricle. 
[0003] After the delay through the AV bundle, which 
delay is referred to herein as the "natural conduction 
time" of the heart, the SA node stimulus arrives at the 
ventricular muscle tissue, causing it to depolarize. 
Depolarization of the ventricular muscle tissue is mani- 
fest by the occurrence of an electrical signal known as 
the R-wave (sometimes referred to as the QRS com- 
plex). Immediately following the R-wave, the ventricular 
muscle tissue physically contracts, forcing the blood 
held therein through one or more arteries to various 
body locations. In this manner, then, the heart "beats" or 
pumps blood by having the atria contract at a rate deter- 
mined by the SA node, and after the natural conduction 
time, by having the ventricles contract. After a longer 
delay, when the atrium has refilled with blood returning 
from throughout the body, the process repeats. 
[0004] Th heart of a typical healthy patient may beat 
60-70 times per minute when the patient is at rest. 
When th patient is undergoing significant physiological 
stress, as occurs, .g., during physical exerdces. th 



rate at which the heart beats, the "heart rate," increases 
significantly, e.g. up to 150-170 times per minute. The 
above-described process wherein the atria and ventri- 
cles sequentially depolarize and contract in order to 

5 pump blood and get ready to depolarize again, is 
referred to herein as the "cardiac cycle." A given cardiac 
cycle thus includes one R-wave (or equivalent ventricu- 
lar activity evidencing depolarization of the ventricles) 
and one P-wave (or equivalent atrial activity evidencing 

10 depolarization of the atria) . The lenght of the cardiac 
cycle (which represents the period of the heat rate) may 
be measured as the time interval between successive 
P-waves or R-waves, although R-waves are usually 
used because they are easier to detect 

75 [0005] A pacemaker is an implantable medical device 
that monitors the activity of the heart for the occurrence 
of P-waves and/or R-waves. and steps in with electroni- 
cally generated stimuli, when needed, to force the depo- 
larization of the atria and/or ventricles. A pacemaker- 

20 generated stimulus that is delivered to the atrium is 
referred to herein as an "A pulse." A pacemaker-gener- 
ated stimulus that is delivered to the ventricle is referred 
to herein as a "V-pulse." Most pacemakers are config- 
ured to provide an A-pulse and/or V-pulse only if a pre- 

25 scribed period of time has elapsed without the 
occurrence of a P-wave and/or an R-wave, i.e., without 
the occurrence of natural heart beats. 
[0006] The prescribed period of time used by the 
pacemaker between contraction of the ventricle and 

30 contraction of the atrium is generally referred to as the 
V-A Interval, or the atrial escape interval. For most dual- 
chamber pacemaker modes of operation, only rf a P- 
wave does not occur during the atrial escape interval 
will the pacemaker step in at the conclusion of such 

35 interval and generate an A-pulse. 

[0007] The prescribed period of time used by the 
pacemaker between contraction of the atrium and con- 
traction of the ventricle is referred to as the "AV interval," 
or sometimes it is called the "AV Delay." The pace- 

40 maker, for most dual-chamber modes of operation, gen- 
erates a V-pulse only if the AV Interval elapses without 
the occurrence of an R-wave. 
[0008] In the above-described manner, the heart is 
thus afforded as much time as possible to beat on its 

45 own before the electronically-generated stimuli of the 
pacemaker are delivered to the heart, causing it to beat 
at the rate set by the pacemaker. 
[0009] When a pacemaker is first implanted in a 
patient, or thereafter, the value of the AV interval is set 

so by an attending physician or cardiologist to a value that 
is selected to optimally assist the patient's heart as it 
performs its critical function of a pump. For many 
patients, such AV interval value is a value that is some- 
what longer than the natural conduction time of the 

55 heart, thereby affording the patient's heart as long a 
tim period as possible before stepping in with the 
pacemaker generated stimulation pulse (V-pulse). Such 
action further serves to lengthen the battery Irfe of the 
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pacemaker, because it reduces the number of stimula- 
tion pulses that the pacemaker generates, and thereby 
conserves th limited energy available in the pace- 
maker battery. However, for other patients, it may be 
desirable to set the AV interval value at a value that is 
less than the natural conduction time of the heart, 
thereby assuring that a V-pulse is generated with most 
every cardiac cycle. Such patients typically suffer from a 
cardiomyopathy condition, and the repeated stimulus 
improves the ability of the ventricular tissue to produce 
an effective contraction. Attention in this regard is drawn 
to the present Applicant's US-A-5340361 (published 
after the filing date of the present application). 
[0010] Unfortunately, while the AV interval of a pace- 
maker can be programmably set to a desired value, the 
natural conduction time of the patient may vary, either 
with time, or with the medical or physiological condition 
of the patient. For example, the natural conduction time 
may vary as a function of whether the patient is under- 
going physiological stress (e.g., exercise), or whether 
the patient is under the influence of medication. In most 
instances, it is desirable to have the AV interval closely 
mimic the natural conduction time, because such natu- 
ral conduction time normally represents the optimum 
timing between depolarization of the atria and depolari- 
zation of the ventricles. However, when the natural con- 
duction time is varying, it is not possible for the AV 
interval of the pacemaker to mimic such time. What is 
needed, therefore, is an implantable pacemaker that 
automatically adjusts its AV interval to a value that 
tracks or mimics changes in the natural conduction time. 
[0011] However, it is important to note that the AV 
interval cannot be set to the same value as the natural 
conduction time, else the V-pulse will be generated at 
the same time that the R-wave occurs, a condition 
known as "fusion. " Fusion is not necessarily harmful to 
the heart, but it represents the expenditure of wasted 
energy, as the cardiac tissue is not capable of respond- 
ing to the V-pulse stimulus when it is refractory The car- 
diac tissue is refractory concurrent with and/or 
immediately following depolarization, and remains 
refractory until the occurrence of the T-wave. Thus, in 
order to conserve the limited energy of the pacemaker, 
it is important that fusion be avoided, and that the V- 
pulse not be applied to the cardiac tissue while it is 
refractory, i.e., concurrent with and/or immediately fol- 
lowing the occurrence of an R-wave. However, if the nat- 
ural conduction time varies, as it does, it is quite 
probable that the natural conduction time will wander 
into the AV interval time, causing fusion to occur. Thus, 
what is needed is not only an implantable pacemaker 
that automatically adjusts its AV interval to track or 
mimic the natural conduction time, but that adjusts the 
AV interval to a value that is close to, but not the same 
as, the natural conduction time, thereby providing the 
desired tracking while avoiding fusion with the natural 
depolarization of the patient's heart. 
[0012] Pacemakers ar known in the art that automat- 



ically adjust various timing intervals, usually the pace- 
maker-defined atrial escape interval so as to vary the 
pacing rat t best suit the sensed physiological needs 
of the patient. However, care must be exercised when 

5 the timing intervals of the pacemaker are varied to pre- 
vent the development of cardiac arrhythmias, many of 
which are actually sustained by the adjustable timing 
provisions of the pacemaker. It would generally be pref- 
erable that a timing change be made quickly, and that it 

to be checked and readjusted often, so as to avoid trigger- 
ing or sustaining cardiac arrhythmias. What is needed, 
therefore, is a pacemaker that will not only quickly 
search for and find the desired AV interval value, but 
that will automatically detect when an adjustment of the 

75 AV interval is needed, or not needed. It would also be 
desirable if the adjustment of the AV interval could be 
automatically suspended if it was determined that the 
adjustment was somehow detrimental to the patient or 
was occurring at a too frequent rate. 

20 [001 3] WO 82/03781 discloses a pacemaker arranged 
to stimulate the atrium, either using a first time spacing 
from a preceding spontaneous action or stimulation of 
the atrium, or using a second time spacing from a pre- 
ceding spontaneous ventricle action. The selected time 

25 depends on the moment when the ventricular action 
occurs. 

[0014] The present invention addresses the above 
and other needs by providing a dual-chamber implanta- 
ble pacemaker that automatically adjusts its AV interval 

30 so that any ventricular stimulation pulses (V-pulses) 
generated by the pacemaker at the conclusion of the 
pacemaker-defined AV interval (or AV delay) occur at a 
time in the cardiac cycle that avoids fusion with the nat- 
ural ventricular depolarization of a patient's heart. As 

35 indicated above, a natural ventricular depolarization 
occurs at the conclusion of the natural conduction time 
of the heart, and is manifest by the occurrence of an R- 
wave. The natural conduction time comprises that time 
interval from the onset of atrial activity to the depolariza- 

40 tion of the ventricular muscle tissue, i.e., to the occur- 
rence of an R-wave. The present invention thus adjusts 
the time when the V-pulse occurs within the cardiac 
cycle so that it occurs near the same time as an R-wave 
would occur, but does not occur at the same time as an 

45 R-wave. 

[0015] The pacemaker of the present invention can 
provide an AV interval adjustment sequence that auto- 
matically searches for and sets the AV interval value to 
a value that is close to, but different from, the natural 

so conduction time. The AV interval is set by invoking an 
AV interval search sequence. Such sequence initially 
sets the AV interval to a value that is on one side or the 
other of the natural conduction time, and then incremen- 
tally changes the AV interval value, preferably in stair- 

55 step fashion, with a new AV interval value being used 
during each adjustment tim period of the search 
sequence. The adjustment time period includes at least 
one cardiac cycle. Adjustment of the AV interval contin- 
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ues in the manner described until the AV interval 
crosses ever (becomes less than or greater than) the 
natural conduction time. The cross over point is mani- 
fest by the occurrence of an R-wave, where an R-wave 
had previously been absent; or the absenc of an R- 5 
wave, where an R-wave had previously been present. A 
final AV interval value is then set as the AV interval 
value at the cross-over point, adjusted by an appropri- 
ate AV margin value. 

[0016] The adjustment time period may comprise a 
single cardiac cycle, and the adjustment sequence is 
quickly concluded within just a few, e.g., less than 10- 
15, cardiac cycles. Hence, the AV adjustment can 
advantageously be invoked quickly and easily, thereby 
assuring that the AV interval value used by the pace- 
maker is quickly set to an optimum value. 
[001 7] Alternatively, the adjustment sequence is auto- 
matically invoked whenever a prescribed search time 
has elapsed, or whenever the sudden presence or 
absence of a sensed R-wave indicates a change in the 
natural conduction time sufficient to have caused a 
cross over with the existing AV interval. Thus, the 
present invention advantageously adjusts the AV inter- 
val whenever an adjustment is needed. 
[0018] If the AV interval search sequence is invoked 
too frequently, it may be automatically suspended for a 
programmable suspension period. 
[001 9] According to the present invention, an implant- 
able pacemaker includes an atrial channel having atrial 
sensing means for sensing an atrial depolarization (P- 
wave), and atrial pacing means for generating an atrial 
stimulation pulse (A-pulse); a ventricular channel hav- 
ing ventricular sensing means for sensing a ventricular 
depolarization (R-wave), and ventricular pacing means 
for generating a ventricular stimulation pulse (V-pulse); 
a memory circuit wherein operating instructions and 
control parameters may be stored, and a control system 
coupled to the memory circuit and the atrial and ven- 
tricular channels for coordinating the operation of the 
atrial and ventricular sensing means, and the atrial and 
ventricular pacing means in accordance with the pro- 
grammed operating instructions and control parameters 
stored in the memory circuit, the control system com- 
prising: firstly, timing means for defining an AV interval, 
defining an atrial escape interval, and measuring a con- 
duction time interval, the conduction time interval com- 
prising the time between sensing or pacing in the atrial 
channel and the sensing of an R-wave in the ventricular 
channel; secondly, logic means for generating the V- 
pulse in the ventricular channel at the conclusion of the 
AV interval only in the event an R-wave is not sensed 
during the AV interval, with the AV interval commencing 
with the occurrence of either a P-wave or an A-pulse in 
the atrial channel, and for generating the A-pulse in the 
atrial chann I at the conclusion of atrial escape interval 
nly in the event a P-wave is not sensed during the atrial 
escape interval; and thirdly, adjustment means for auto- 
matically adjusting the AV interval to a value that is dif- 



ferent than the conduction time interval, so that V-pulses 
are generated by the pacemaker, if at all, at a time that 
is diff rent than the end of th conduction time interval, 
thereby avoiding fusion between the V-pulses and the 
R-waves. 

[0020] The adjustment means included in such a 
pacemaker may further be characterized as including: 
(a) means for changing the value of the AV interval from 
an existing AV interval value to an initial AV adjustment 
value for a prescribed adjustment time period, and for 
thereafter changing the value of the AV interval in stair- 
step fashion, with the AV interval assuming a new AV 
interval value that is a prescribed incremental difference 
from a preceding AV interval value for each of a plurality 
of subsequent adjustment time periods; (b) means for 
determining if there is a change in the type of ventricular 
activity, i.e., an R-wave or a V-pulse, that occurs in the 
most recent adjustment time period compared to the 
type of ventricular activity that occurred in the adjust- 
ment time period just prior to the most recent adjust- 
ment time period (where a change in the type of 
ventricular activity provides an indication that the new 
AV interval value used in the most recent adjustment 
time period has just crossed over, i.e. become longer or 
shorter than, the conduction time interval); and (c) set- 
ting a final AV adjustment value as a function of the AV 
interval value used in the most recent adjustment time 
period for which a change was detected in the type of 
ventricular activity that occurred in the ventricular chan- 
nel. 

[0021] The invention is thus able to provide an 
implantable pacemaker that automatically adjusts its AV 
interval to a value that is just less than, or just greater 
than, the natural conduction time of a patient's heart, 
thereby mimicking insofar as possible the natural timing 
associated with the heart. This adjustment of the All 
interval can be provided while avoiding fusion, i.e., pre- 
venting the issuance of a V-pulse on top of an R-wave, 
thereby assuring that any V-pulses that are issued are 
effective at depolarizing the ventricular muscle tissue. 
[0022] The invention may provide an AV Interval 
adjustment sequence, or technique, that quickly and 
automatically searches for a desired AV interval value - 
-typically a value that is just less than or just greater 
than the natural condition time interval- and attaches a 
prescribed margin thereto, thereby assuring that the 
desired AV interval value is maintained while avoiding 
fusion. The prescribed margin may be adaptively 
changed as required, in order to minimize the frequency 
at which the adjustment technique is invoked. 
[0023] Furthermore, an automatic AV interval adjust- 
ment procedure can be automatically invoked when 
needed, and can be automatically suspended if invoked 
too often. 

Brief Description of the Drawings 

[0024] The above and oth r aspects, features and 
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advantages of the present invention will become more 
apparent from the Detailed Description of the Invention, 
presented in conjunction with the following drawings, 
wherein: 

FIG. 1 is block diagram of a dual-chamber program- 
mable pacemaker; 

FIG. 2 is a block diagram of one embodiment of the 
control logic of the pacemaker of FIG. 1 ; 
FIG. 3 diagrammatically illustrates a cardiac cycle 
and illustrates the manner in which the PV (or AV) 
interval is adjusted to avoid fusion; 
FIG. 4 is a diagram illustrating how the present 
invention adaptively adjusts the PV (or AV) interval 
over several cardiac cycles in order to incrementally 
increase such interval from a minimum value to a 
value that is greater than the natural conduction 
time, thereby avoiding fusion; 
FIG. 5 is a diagram as in FIG. 4, except that the PV 
(or AV) interval is incrementally decreased over 
several cardiac cycles from a maximum value to a 
value that is less than the natural conduction time, 
thereby avoiding fusion; 

FIG. 6 is a functional block diagram of a portion of 
the control system of a pacemaker used to carry out 
an AV interval adjustment of the present invention; 
FIG. 7 is a timing diagram that illustrates some of 
the signals associated with the operation of the cir- 
cuitry of FIG. 6; and 

FIGS. 8-1 and 8-2 show a flowchart that illustrates 
one method that may be used to carry out the 
adjustment methods illustrated in FIGS. 4 and 5. 

[0025] Corresponding reference characters indicate 
corresponding components throughout the several 
views of the drawings. 

Detailed Description of the Invention 

[0026] The following description is of the best node 
presently contemplated for carrying out the invention. 
This description is not to be taken in a limiting sense, 
but is made merely for the purpose of describing the 
general principles of the invention. The scope of the 
invention should be determined with reference to the 
claims. 

[0027] As indicated above, the present invention is 
directed to an implantable dual-chamber pacemaker 
that automatically adapts or adjusts the AV interval (or 
PV interval) of the pacemaker in a way that avoids 
fusion. Automatic adjustment of the AV (or PV) interval 
is desirable, for example, in order to allow the patient's 
heart a longer time to beat on its own, even when 
changes occur in the natural conduction time of a 
patient. Alternatively, automatic adjustment f the PV 
(or AV) interval may be desirable in patients suffering 
from a cardiomyopathy, as disclosed in US-A-5340361 . 
[0028] Throughout the discussi n that follows, refer- 



ence will frequently be made to the AV interval. It is to 
be understood that all such references to the AV interval 
als apply to the PV interval, and that whether he AV or 
PV interval is used depends upon the particular type of 
atrial activity -an A-pulse or a P-wave- that starts the 
AV (or PV) interval. Similarly, it is to be understood that 
any references made to the PV interval also apply to the 
AV interval. It is further to be understood that when the 
PV interval is used, it will typically be shorter than the 
AV interval by a prescribed amount, e.g., 20-40 msec, to 
account for the latency time involved between applying 
an A-pulse and having the atrial tissue respond with a 
depolarization. Those of skill in the art can readily fash- 
ion appropriate circuitry to utilize either an AV interval or 
a PV interval, whichever applies to a given cardiac 
cycle. For the discussion that follows, then, where refer- 
ence is made to the AV interval, such AV interval should 
be considered as the time interval between atrial chan- 
nel activity, whether such atrial channel activity com- 
prises an A-pulse or a P-wave, and the subsequent 
delivery of a ventricular stimulation pulse (V-pulse). 
[0029] Advantageously, the present invention may be 
implemented using a wide variety of duaJ-chamber 
pacemaker configurations and pacemaker hardware. 
Any pacemaker configuration that allows the pace- 
maker AV (or PV) interval to be automatically set to a 
desired value may be used to implement the invention. 
The description that follows is only exemplary of one 
such configuration. 

[0030] Referring then to FIG. 1 , a block diagram of a 
dual-chamber pacemaker 10 is illustrated. The pace- 
maker 10 is coupled to a heart 12 by way of leads 14 
and 16, the lead 14 having an electrode 15 that is in 
contact with one of the atria of the heart and the lead 1 6 
having an electrode 1 7 that is in contact with one of the 
ventricles of the heart. The leads 14 and 16 carry stim- 
ulating pulses to the electrodes 15 and 17 from an atrial 
pulse generator (A-PG) 18 and a ventricular pulse gen- 
erator (V-PG) 20, respectively. Further, electrical signals 
from the atria are carried from the electrode 15, through 
the lead 14, to the input terminal of an atrial channel 
sense amplifier (P-AMP) 22; and electrical signals from 
the ventricles are carried from the electrode 1 7, through 
the lead 16, to the input terminal of a ventricular sense 
channel amplifier (R-AMP) 24. 
[0031] Controlling the dual-chamber pacer 10 is a 
control circuit or control system 26. The control system 
26 receives the output signals from the atrial amplifier 
22 over signal line 28. Similarly, the control system 26 
receives the output signals from the ventricular amplifier 
24 over signal line 30. The output signals on signal lines 
28 and 30 are generated each time that a P-wave or an 
R-wave is sensed within the heart 12. The control circuit 
or system 26 also generates trigger signals that are sent 
to the atrial pulse generator 18 and the ventricular pulse 
generator 20 ver signal lines 32 and 34, respectively. 
These trigger signals are g nerated each time that a 
stimulati n puis is t be generated by th respective 
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pulse generator 18 or 20. A stimulation pulse generated 
by the A-PG 18 is referred to as the "A-pulse," and the 
stimulation pulse generated by the V-PG 20 is referred 
to as the "V-pulse." During the time that either an A- 
pulse or V-pulse is being delivered to the heart, the cor- 
responding amplifier, P-AMP 22 and/or R-AMP 24, is 
typically disabled by way of a blanking signal presented 
to these amplifiers from the control system over signal 
lines 36 and 38, respectively. This blanking action pre- 
vents the amplifiers 22 and 24 from becoming saturated 
from the relatively large A-pulse or V-pulse, respectively, 
that is present at the input terminals of such amplifiers 
during this time. Such blanking action also helps pre- 
vent residual electrical signals present in the muscle tis- 
sue as a result of the pacer stimulation from being 
interpreted as P-waves or R-waves. 
[0032] Still referring to FIG. 1, the pacer 10 also 
includes a memory circuit 40 that is coupled to the con- 
trol system 26 over a suitable data/address bus 42. The 
memory circuit 40 allows certain control parameters, 
used by the control system 26 in controlling the opera- 
tion of the pacemaker, to be programmably stored and 
modified, as required, in order to customize the pacer's 
operation to suit the needs of a particular patient. Such 
data includes the basic timing intervals used during 
operation of the pacemaker, such as the programmed 
atrial escape interval (AEI). For purposes of the present 
invention, such data may also include a family of AV 
interval data that may be retrieved during an adjustment 
sequence of the AV interval, as explained more fully 
below. Further, data sensed during the operation of the 
pacer may be stored in the memory 40 for later retrieval 
and analysis. 

[0033] A telemetry circuit 44 is further included in the 
pacer 10. This telemetry circuit 44 is connected to the 
control system 26 by way of a suitable command/data 
bus 46. In turn, the telemetry circuit 44, which is 
included within the implantable pacer 10, may be selec- 
tively coupled to an external programming device 48 by 
means of an appropriate communication link 50, which 
communication link 50 may be any suitable electromag- 
netic link, such as an RF (radio frequency) channel. 
Advantageously, through the external programmer 48 
and the communication link 50, desired commands may 
be sent to the control system 26. Similarly, through this 
communication link 50 and the programmer 48, data 
(either held within the control system 26, as in a data 
latch, or stored within the memory 40), may be remotely 
received from the pacer 10. In this manner, noninvasive 
communications can be established from time to time 
with the implanted pacer 10 from a remote, non- 
implanted location. Many suitable telemetry circuits 
known in the art that may be used with the present 
invention for the telemetry circuit 44, see. e.g., U.S. Pat- 
ent No. 4,847,617. 

[0034] The pacer 10 in FIG. 1 is r f erred to as a dual- 
chamber pacemaker because it interfaces with both the 
atria and the ventricles f the heart Those portions of 



the pacer 10 that interface with the atria, e g., the lead 
14, the P-wave sense amplifier 22, the A-pulse genera- 
tor 18, and corresponding portions of the corttr (system 
26, are commonly referred to as the atrial channel. Sim- 

5 ilarly, those portions of the pacer 10 that interface with 
the ventricles, e.g., the lead 16, the R-wave sense 
amplifier 24, the V-pulse generator 20, and correspond- 
ing portions of the control system 26, are commonly 
referred to as the ventricular channel. Throughout the 

10 discussion that follows, frequent reference will be made 
to "atrial channel activity" or "ventricular channel activ- 
ity. * Atrial channel activity thus comprises either the 
sensing of a P-wave by the sense amplifier 22, or the 
generating of an A-pulse by the A-pulse generator 18. 

is Similarly, ventricular channel activity comprises either 
the sensing of an R-wave by the sense amplifier 24 or 
the generation of a V-pulse by the V-pulse generator 20. 
[0035] In some pacemakers that implement the 
present invention, the pacemaker 10 may further 

20 include one or more physiological sensors 52 that is 
connected to the control system 26 of the pacer over a 
suitable connection line 54. While the sensor 52 is illus- 
trated in FIG. 1 as being included within the pacer 10, it 
is to be understood that the sensor may also be external 

25 to the pacer 1 0, yet still be implanted within or carried by 
the patient A common type of sensor is an activity sen- 
sor, such as a piezoelectric crystal, mounted to the case 
of the pacemaker. Other types of physiologic sensors, 
such as sensors that sense the oxygen content of blood, 

30 respiration rate, pH of blood, body motion, and the like, 
may also be used in lieu of, or in addition to, an activity 
sensor. The type of sensor, if any, used is not critical to 
the present invention. Any sensor or combination of 
sensors capable of sensing some physiological param- 

35 eter relatable to the rate at which the heart should be 
beating can be used. A pacemaker using such sensors 
is commonly referred to as a "rate-responsive" pace- 
maker because such a pacemaker adjusts the rate 
(escape interval) of the pacer in a manner that tracks 

40 the physiological needs of the patient. 

[0036] Referring next to FIG. 2, a block diagram of one 
embodiment of the control circuit or system 26 of the 
pacer 10 is illustrated, ft is noted that other embodi- 
ments of a control system 26 may also be utilized, such 

45 as a microprocessor-based control system. A repre- 
sentative microprocessor-based system is described, 
for example, in U.S. Patent 4,940,052, entitled "Micro- 
processor Controlled Rate-Responsive Pacemaker 
Having Automatic Threshold Adjustment." 

so [0037] The control system shown in FIG. 2 is based on 
a state machine wherein a set of state registers 60 
define the particular state of the pacer at any instant in 
time. In general, and as an overview of state machine 
operation, each state, by design, causes a certain activ- 

55 ity or function to be carried out. Several stat s are exe- 
cuted in a sequence during a given cardiac cycle. The 
sequence of states that is executed in a particular car- 
diac cycle is determined by the particular events that 
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occur, such as the sensing of a P-wave or an R-wave, 
as well as the current state, as certain states can only 
be entered from certain other states. Only one state can 
exist at any instant of time, although several different 
state machines (or control systems) may operate in par- 
allel to control diverse functions. For example, the 
telemetry circuit 44 (FIG. 1) preferably utilizes its own 
state machine. The telemetry circuit state machine 
operates essentially independent of the control system 
state machine of FIG. 2. 

[0038] At the heart of the control system 26 is the 
state logic 62. It is the state logic that controls the "state" 
of the state registers 60, and hence the function or oper- 
ation that will next be carried out by the system. The 
state logic 62 receives as inputs the current state of the 
state registers, made available over a state bus 64 
(which state bus directs the state of the system to sev- 
eral sections of the control system), as well as other sig- 
nals indicating the current status of the system or events 
that have occurred. The output signals from the P-AMP 
22 (FIG. 1) and the R-AMP 24 (FIG. 1) are directed to 
an input decode logic circuit 66. This circuit generates 
appropriate logic signals "IPW" (Inhibiting P-Wave) and 
"IRW" (Inhibiting R-Wave) that are selected by a multi- 
plexer 68 and sent to rate-determining logic 70. These 
signals are also sent to the state logic 62. The function 
of the rate-determining logic 70 is to determine the rate 
at which either the IPW or IRW signals are occurring. A 
signal representative of this rate is sent, as an output 
signal from the rate determining logic 70, to the state 
logic 62 over signal line 72. Rate-determining logic 70 
further receives a sensor rate signal from the sensor 52 
(FIG. 1), and (depending upon the particular state of the 
system, as defined by the state registers 60, and as 
made available to the rate-determining logic 70 over the 
state bus 64) sends a rate signal to the state logic 62 
over signal line 72 indicative of this sensor rate. Portions 
of the state logic 62 that have particular applicability to 
the present invention are included in the description of 
FIGS. 6 and 7 below. 

[0039] Still referring to FIG. 2, a memory control circuit 
74 provides the needed interface between the circuits of 
the control system 26 and the memory 40 (FIG. 1). This 
memory control circuit may be any conventional mem- 
ory access circuit that sends or receives data to or from 
memory at a specified address. Data retrieved from 
memory 40 may be sent to either the state logic 62 (over 
signal line(s) 75) or to a programmable timer 76 (over 
signal line(s) 77). Data sent to memory 40 may be either 
the current state of the system (obtained off of the state 
bus 64), or other selected signals from the state logic 
(as made available over signal line(s) 78). 
[0040] The programmable timer 76 defines a pre- 
scribed time interval, the length of which is set by the 
signal(s) received from the memory control 74 ver sig- 
nal line(s) 77, and the starting point of which begins 
coincident with the start of the current state, as obtained 
from the state bus 64. The timer 76 further generates a 



time-out (TO.) signal when this prescribed time interval 
has elapsed. During the prescribed time interval, the 
timing function may be reset by a reset signal, typically 
obtained from the input decode logic 66, although some 

5 states (as obtained from the state bus 64) may also 
effectuate an immediate reset of the timer 76. The time- 
out signal is sent to time-out decode logic 78. It is the 
function of the time-out decode logic to generate the 
appropriate trigger signals that are sent to the A-pulse 

w generator 18 or the V-pulse generator 20 (FIG. 1). Fur- 
ther, an appropriate logic signal(s) is sent to the state 
logic 62 by the time-out decode logic 78 over signal 
line(s) 80 in order to notify the state logic that the 
respective trigger signals have been generated. While 

75 only a single programmable timer 76 is shown in FIG. 2, 
it is to be understood that other programmable timers, 
similar to the timer 76, are also used when there is a 
need to keep track of more than one time interval at the 
same time. The timing associated with the AV interval 

20 adjustment of the present invention, for example, may 
use an AV timer as described below in conjunction with 
FIGS. 6 and 7. 

[0041 ] An oscillator 82, preferably a crystal-controlled 
oscillator, generates a basic clock signal CO that con- 

25 trols the operation of the system logic. This clock signal 
CO is sent to clock logic circuits 84. where other appro- 
priate clock signals, such as clock signals C1, C2 and 
C3, are generated, all derived from the basic clock sig- 
nal CO. These clock signals are distributed throughout 

30 the control system 26 in order to appropriately synchro- 
nize the various events and state changes that occur 
within the pacemaker. The rate of the basic clock signal 
CO is not critical to the present invention. In general, a 
rate of 25-40 Khz for the basic clock rate CO is ade- 

35 quate. This rate provides a basic time increment of 25- 
40 microseconds each clock cycle, and this is more 
than enough time to effectively control the pacemaker 
operation, ff desired, a faster basic clock rate can be 
used, particularly by the memory control 74, to speed 

40 up the data transfer between the control system 26 and 
the memory 40, although for most pacemaker opera- 
tions, a fast data transfer rate is not essential. 
[0042] In operation, the control system of FIG. 2 starts 
at an initial state, wherein the state registers 60 assume 

45 a prescribed value that defines the initial state. For 
example, assuming four flip flops are used for the state 
registers 60, an initial state might be "1000" (hexadeci- 
mal "8") wherein the first flip flop assumes a "1" state, 
and the remaining three flip flops each assume a "0" 

so state. This state may be defined as a V-A Interval (VAI) 
state wherein a prescribed ventricuiar-to-atrial (V-A) 
interval is initiated. For purposes of the present inven- 
tion, this V-A interval may be considered as the "atrial 
escape interval," or "AE!." As soon as the memory con- 

55 trol 74 detects that th VAI state has been initiated, as 
evidenced by the "1 000* appearing on the stat bus 64, 
rtretriev s from the memory 40 or otherwis generates 
an appropriat data word, previ usly programmed into 



13 



EP 0 600 631 B1 



14 



the memory 40 from the external programmer 48 or oth- 
erwise determined from the pacemaker logic, that 
defines the desired length of the AEI. This data word is 
sent to the programmable timer and sets th length f 
the tim period that is to be measured during the VAI 
state. 

[0043] The timer 76 is essentially just a counter that 
counts down (or counts up), using a specified clock sig- 
nal, to the value specified in the data word. When the 
counting has been completed, and assuming that the 
counter has not been reset by the occurrence of a P- 
wave or other sensed event, the counter or timer 76 is 
said to have "timed-out," and an appropriate time-out 
signal is generated and sent to the time-out decode 
logic 78. The decode logic, in turn, recognizes that the 
current state of the system is the VAI state (as deter- 
mined by monitoring the state bus 64), and therefore 
that the AEI has timed-out without any cardiac activity 
having been sensed. Hence, an A-pulse trigger signal is 
generated and sent to the A-pulse generator 18, so that 
the atrium can be stimulated. At the same time, an 
appropriate logic signal(s) is sent to the state logic 62 
ver the signal line(s) 80 to alert the state logic to the 
fact that the timer 76 has timed-out. 
[0044] The state logic 62, in response to receiving the 
signal(s) from the time-out decode logic 78, and also in 
response to the current VAI state, triggers the next state 
of the prescribed sequence. For DDD operation, this 
state is typically a blanking state, or BLANK state, dur- 
ing which the P and R sense amplifiers, 22 and 24, are 
disabled. Accordingly, the state logic generates appro- 
priate signal(s) on signal lines 36 and 38 to blank the P- 
wave sense amplifier 22 and the R-wave sense ampli- 
fier 24, and also causes the state registers 60 to change 
to a BLANK state, which state could be defined, for 
example, by the flip flops of the state registers 62 
assuming a "0001" (hex "1") condition. This BLANK 
state, detected on the state bus 64, causes the memory 
control circuitry to retrieve an appropriate data word 
from memory that defines the length of the blanking 
interval, which data word is loaded into the programma- 
ble timer 76. As soon as the timer 76 times out, indicat- 
ing that the prescribed blanking interval has elapsed, a 
time-out signal is generated that is sent to the time-out 
decode logic 78. Upon receipt of this time-out signal, 
and in response to the current state being a BLANK 
state, the time-out decode logic 78 sends an appropri- 
ate logic signal to the state logic 62. The state logic 62 
responds by steering the state registers 62 to assume 
the next state in the prescribed sequence, which may 
be, for example, an AV-lnterval state. 
[0045] It is the AV-lnterval state that has particular 
applicability to the present invention, because it is the 
duration of this state that the invention changes in order 
to avoid fusion. At the beginning of the AV-Int rval state, 
another value is loaded into the programmable timer 76 
that defines the length of the pacemaker-defined AV 
interval, or "AVI\ This AVI value, in accordanc with th 



invention, may change from cardiac cycle to cardiac 
cycle, or from another prescribed time interval (such as 
a plurality of cardiac cycles) to another prescribed time 
interval. If the timer 76 times-out without being reset, 

5 indicating that no R-wave has been sensed, the decode 
logic generates a V-pulse trigger signal, and notifies the 
state logic 62 of this event. The state logic, in turn, 
causes the next appropriate state to be entered, which 
state may be another blanking state, or BLANK state, 

10 similar to the one described above, but having perhaps 
a different duration. At the conclusion or timing out of 
this second BLANK state, the next state in the pre- 
scribed sequence is initiated, which state may be a 
refractory (REF) state. 

is [0046] If the timer 76 (while containing the AVI value) 
does not time-out before an R-wave in sensed, then the 
content of the timer at the time the R-wave occurs is 
representative of the AR interval sensed by the pace- 
maker. Such AR interval represents the natural conduc- 

20 tion time of the heart to which the pacemaker is 
coupled, i.e., it represents the time from atrial activity to 
the occurrence of a natural ventricular depolarization. 
This AR interval value, in accordance with the present 
invention, may thus be used to steer the adjustment of 

25 the AV interval for use in the next cardiac cycle. 

[0047] In general, the present invention contemplates 
two modes of AV adjustment. In a first mode, the AV 
interval is always set to be just a little bit longer than the 
natural conduction time of the patient's heart, i.e., just a 

30 little bit longer than the AR interval, so that the patient's 
heart is afforded as much opportunity as possible to 
beat on its own without applying a ventricular stimulus 
(V-pulse). In a second mode, the AV interval is always 
set to be just a little bit shorter than the natural conduc- 
es tion time of the patient's heart, i.e., just a little bit shorter 
than the AR interval, thereby assuring that a V-pulse is 
most always provided. Such second mode is particu- 
larly well suited for patient's suffering from a cardiomy- 
opathy because the applied V-pulse significantly 

40 improves the patient's cardiac output. In either mode, it 
is important that the AV interval be set to a value that is 
different than the AR interval value so as to avoid fusion. 
Thus, depending upon the selected mode, the AV 
adjustment operation of the present invention uses the 

45 most recent AR interval value held in the timer 76, or 
equivalent timer, to guide the selection of the next AV 
interval value to be loaded in the timer 76 during the 
next (or a subsequent) cardiac cycle. 
[0048] In the manner described above, the control 

so system 26 assumes one state after another, thereby 
controlling the operation of the pacemaker. In general, a 
state is changed when the timer 76 times-out, or when 
a prescribed event occurs. Further, in accordance with 
the present invention, if a prescribed event occurs, e.g., 

55 the occurrence of a P-wave, then th next state may be 
a PV-Int rval state. The PV-lnterval state is the same as 
the AV-lnterval state, described above, except that a dif- 
ferent value is loaded into the programmable timer 76, 
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which different value defines the length erf the PV inter- 
val, or "PVT. As stated above, for the descriptions pre- 
sented herein, reference is generally only made to the 
AV-irrterval state, but it is to be understood that such 
state may be, in fact, a PV-interval state if the atrial 
event that starts the state is a P-wave as opposed to an 
A-pulse. 

[0049] It is noted that the state of the control system 
could also be changed by receipt of an appropriate 
command from the telemetry system. 
[0050] The control system 26 of FIG. 2 may be real- 
ized using dedicated hardware circuits, or by using a 
combination of hardware and software (or firmware) cir- 
cuits. The appropriate sequence of states for a given 
mode of operation, such as DDD or VDI, for example, 
can be defined by appropriate control of the memory 
control 74 and the state logic 62. These circuit ele- 
ments, in turn, are most easily controlled through an 
appropriate software or firmware program that is placed 
or programmed into the pacemaker memory circuits. 
The manner of accomplishing such programming is 
known in the art. 

[0051 ] A detailed description of the various circuits of 
the control system 26 of FIG. 2 will not be presented 
herein because all such circuits may be conventional, or 
may be patterned after known circuits available in the 
art. Reference is made, for example, to U.S. Patent 
4,712,555 wherein a state-machine type of operation for 
a pacemaker is described; U.S. Patent 4,788,980, 
wherein the various timing intervals used within the 
pacemaker and their inter-relationship are more thor- 
oughly described; and U.S. Patent No. 4,944,298 
wherein an atrial-rate based programmable pacemaker 
is described, including a thorough description of the 
operation of the state logic used to control such a pace- 
maker. 

[0052] It is noted that portions of one embodiment of 
the control system 26 that specifically relate to AV 
adjustment features of the present invention are further 
described below in conjunction with FIGS. 6 and 7. 
[0053] Turning next to FIG. 3, the manner in which the 
AV interval is adjusted by the present invention in order 
to avoid fusion is illustrated. Shown in FIG. 3 is an 
"event line" 90 that depicts the cardiac events that may 
occur during a cardiac cycle. Such events are depicted 
by way of pulses, e.g., A-pulses 92, 93, or depolariza- 
tion signals, e.g., an R-wave 94, or repolarization sig- 
nals, e.g. a T-wave 96 (representing the repolarization of 
the ventricles), and thus are shown in a manner similar 
to how such events might appear in an intracardiac 
electrogram (EGM) signal, or a skin electrocardio- 
graphic (ECG) signal. However, for purposes of the 
present invention, it should be noted that the event line 
90 is not intended to be an accurate representation of 
erth r an EGM or an ECG signal; rather, it is intended 
simply to diagrammatical ly depict th ev nts that occur 
in a given cardiac cycle. 

[0054] Note from FIG. 3 that the "cardiac cycle" com- 



prises the time interval from atrial activity to the next 
atrial activity, e.g., from A-pulse 92 to the next A-pulse 
93. The cardiac cycle may just as easily comprise, or b 
measured as, the time interval between ventricular 

5 activity and the next ventricular activity, e.g., from R- 
wave 94 to the next R-wave (or V-pulse) that occurs in 
the event line 90. However, such next R-wave (or V- 
pulse) is not shown in the event fine 90 of FIG. 3, so the 
cardiac cycle is shown as the time between the A- 

w pulses 92 and 93. 

[0055] As seen in FIG. 3, the AR interval is shown as 
the time interval in the cardiac cycle following atrial 
activity (the A-pulse 92 for the condition shown in FIG. 
3) to the occurrence of natural ventricular depolarization 

is (the R-wave 94). Such AR interval thus represents the 
natural conduction time of the heart, i.e., the time it 
takes an atrial stimulus to travel to the ventricles through 
the atrioventricular (AV) node and the atrioventricular 
(AV) bundle. In order to avoid fusion, it is necessary that 

20 the AV interval of the pacemaker be set to a value differ- 
ent than the natural conduction time, or AR interval. The 
present invention accomplishes this by either starting 
with an AV interval that is shorter than the AR interval 
and gradually increasing the AV interval until it exceeds 

25 the AR interval, or starting with an AV interval that is 
longer than the AR interval and gradually decreasing 
the AV interval until it is less than the AR interval. 
[0056] Thus, in a first adjustment mode contemplated 
by the present invention, the end goal is to have the AV 

30 interval longer than the AR interval, but not too much 
longer, so that the heart is afforded every opportunity to 
depolarize on its own without the necessity of a V-pulse. 
The reason that the AV interval should not be too much 
longer than the AR interval is because the natural con- 

35 duction time (AR interval) will change somewhat to 
meet the physiological needs of the patient, and it is 
desirable to provide the V-pulse at a time in the cardiac 
cycle that tracks such needs. Thus, in accordance with 
such first adjustment mode, the AV interval is initially set 

40 to a very short value, and incrementally increased, at 
prescribed intervals, e.g., every cardiac cycle, until it 
crosses over the AR interval. The cross-over point is 
detected by monitoring the ventricular channel for the 
occurrence of an R-wave during each prescribed inter- 

45 val. That is, during the AV interval adjustment 
sequence, the AV interval is first set to a value much 
shorter than the AR interval, thereby assuring the gen- 
eration of a V-pulse as the ventricular activity in the car- 
diac cycle. As the AV interval is increased, the V-pulse 

so will continue to be generated for so long as the AV inter- 
val remains less than the AR interval. As soon as the AV 
interval becomes longer than the AR interval, an R- 
wave occurs, and the generation of the V-pulse is inhib- 
ited. Thus, for an AV interval that starts at a short value 

55 and is gradually increasing, the cross-over point is 
detected when an R-wave first occurs. 
[0057] In a second adjustment mode contemplated by 
th pr sent invention, the end goal is to hav the AV 
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interval shorter than the AR interval, but not too much 
shorter, so that a V-pulse is always provided during the 
cardiac cycle. Such mode is particularly adapted for 
patients suffering from a cardiomyopathy, as described 
in Applicant's copending patent application, previously 5 
referenced. Thus, in accordance with such second 
adjustment mode, the AV interval is initially set to a very 
long value, forcing R-waves to occur, and incrementally 
decreased, at prescribed intervals, e.g., every cardiac 
cycle, until it crosses over the AR interval. The cross- 
over point is detected when R-waves first cease to 
occur. 

[0058] The AV interval will be approximately the same 
as the AR interval at the cross-over point, although 
there will normally be some difference between the two 
values as a function of how much the AV interval 
changes during each step of an adjustment cycle. Thus 
fusion will normally be avoided by simply using the AV 
interval value at the cross-over point. To further assure 
that fusion is avoided, however, the present invention 
typically adds on appropriate AV margin to the AV inter- 
val determined at the cross-over point. 
[0059] The process of adjusting the AV interval in 
accordance with the first AV interval adjustment mode is 
further illustrated in FIG. 4. FIG. 4 is a graph of the AV 
interval value (vertical axis) verses elapsed time (hori- 
zontal axis). The units of time used on the horizontal 
axis are cardiac cycles; although it should be under- 
stood that this is only exemplary. Any other measure of 
elapsed time could be used, such as seconds or min- 
utes. The heavy line 100 in FIG. 4 represents the natu- 
ral conduction time of the patient, or the AR interval. 
This natural conduction time varies somewhat over time 
as the medical condition or physiological needs of the 
patient change. (It should be noted, as stated above in 
the background portion of the application, that the "con- 
duction time" of a typical patient is not the parameter 
that changes most to alter the patient's heart rate. 
Rather, it is the rate of the stimulus from the SA node 
that sets the heart rate of the patient, and the rate of the 
stimulus from the SA node, in turn, affects the time 
between ventricular activity and subsequent atrial activ- 
ity. Nonetheless, there are some changes that occur in 
the conduction time that vary over time, and that vary 
from patient to patient. The changes in the conduction 
time, or AR interval shown by the line 100 in FIG. 4, rep- 
resent such changes.) 

[0060] The pacemaker-defined AV interval is repre- 
sented in FIG. 4 by the line 102. As seen in FIG. 4, this 
AV interval 102 is initially (as shown at the left-most 
edge in FIG. 4) greater than the conduction time interval 
100. This is the desired relationship between the AV 
interval and the AR interval when the pacemaker is 
operating in the first adjustment mode. However, at reg- 
ular intervals, e.g., at the end of a search time T s> the 
pacemaker det rmines that a search should be started 
for a new AV int rval value. Thus, at a time 104, a new 
AV search is started, which new search begins an AV 



interval adjustment sequence that eventually concludes 
with a new AV interval having been set. 
[0061] The AV interval adjustment search sequence 
starts by immediately changing the value of the AV 
interval from its existing value, i.e., the AV value prior to 
the search time 104, to an initial search value. The initial 
search value will be a value that is deliberately set to be 
less than the AR interval. In FIG. 4, the initial value is 
selected to be the minimum AV interval value, AV M | N . It 
is to be understood, however, that using AV M)N as the 
initial search value is only exemplary. For example, the 
pacemaker logic may have selection logic incorporated 
therein that keeps track of the most recent value of the 
AR interval. The initial search value for the AV interval 
could then be set to a value that is a prescribed amount 
less than such most recent AR interval value. 
[0062] In any event, once the initial AV interval search 
value has been set, such value is used as the AV inter- 
val value for a prescribed adjustment time period, which 
prescribed adjustment time period includes at least one 
cardiac cycle. For the adjustment sequence shown in 
FIG. 4, the adjustment time period comprises one car- 
diac cycle, but it is to be noted that the adjustment time 
period could just as easily comprises two or three or 
more cardiac cycles. During the cardiac cycle, the ven- 
tricular channel activity is monitored to determine rf an 
R-wave (evidencing natural conduction) or a V-pulse 
(evidencing the expiration of the AV interval prior to nat- 
ural conduction) occurs. A V-pulse is generated for the 
first step of the adjustment sequence because the AV 
interval at that point in the sequence is much shorter 
than the natural conduction time, or AR interval. 
[0063] After the initial AV interval search value has 
been used for the prescribed adjustment sequence, the 
AV interval value is increased by a prescribed amount, 
AV S , for the next adjustment time period. Again, a deter- 
mination is made to determine the type of ventricular 
channel activity (V-pulse or R-wave) that occurs during 
the adjustment time period. This process continues, 
with the AV interval value being increased for each suc- 
ceeding adjustment time period, in stair-step fashion 
from the initial AV interval search value until the AV 
interval value, represented by the line 102, crosses over 
the natural conduction time value, represented by the 
bold line 100. The first cross-over point that occurs dur- 
ing this stair-step adjustment sequence for the situation 
shown in FIG. 4 is at 106. That is, at the time 106, con- 
duction starts, and an R-wave occurs. 
[0064] Once the cross-over point has been identified 
in the adjustment sequence, the AV interval value used 
for the most recent adjustment time period represents 
an AV interval value that meets the desired adjustment 
goal: i.e., an AV interval value that is greater than, but 
close to. the natural conduction time. Such AV interval 
value is shown at 108 in FIG. 4. However, to ensure that 
there is an adequat operating margin that maintains 
this desired goal, the pr sent invention adds an AV mar- 
gin, AV M , to th AV interval value at the cross-over 
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point, resulting in a final AV interval value for the adjust- 
ment sequence, one adjustment time period later, as 
shown at 110. 

[0065] After the value of the AV interval has been set 
in a given adjustment sequence, as described above, s 
the final AV interval value is used by the pacemaker until 
one of two possible events occur that trigger a new AV 
interval adjustment sequence. A first adjustment- 
sequence-triggering event, for the first mode AV adjust- 
ment shown in FIG. 4, is for natural A-V conduction to 10 
stop. When A-V conduction stops, that means the con- 
duction time interval, or AR interval, has changed so 
that it is no longer less than the AV interval. Such condi- 
tion occurs in FIG. 4 at 112. Thus, in accordance with 
the particular application of the present invention shown is 
in FIG. 4, the generation of a V-pulse in a given cardiac 
cycle when the immediately preceding cardiac cycles all 
included R-waves instead of V-puIses, triggers a new 
AV interval adjustment sequence, which sequence 
begins at 114. The adjustment sequence proceeds as 20 
previously described, with the AV interval value being 
shortened to an initial starting value, and then increas- 
ing in stair-step fashion in order to identify the cross- 
over point, which cross-over point is shown at 116 in 
FIG. 4. The AV margin, AV M , is then added to the cross- 25 
over value of the AV interval, resulting in the final AV 
interval value, as shown as 1 18. 
[0066] It is noted that for some patients, and in some 
embodiments of the present invention, it may be desira- 
ble to make the first AV adjustment sequence triggering 30 
event be the occurrence of a prescribed number of R- 
waves within a prescribed number of cardiac cycles, 
e.g., at least two R-waves in three cardiac cycles; or at 
least five R-waves in seven cardiac cycles, so as to pre- 
clude the possibility that an abnormal single heart beat 35 
might trigger an AV interval adjustment sequence when, 
in fact, the conditions for needing an AV interval adjust- 
ment sequence, are not present. 
[0067] The second event that triggers an AV interval 
adjustment sequence in accordance with the present 40 
invention is the expiration of a search interval Ts- The 
search interval T s starts as soon as the cross-over point 
has been reached in a given adjustment sequence. 
Thus, as shown in FIG. 4, the T s interval begins for 
example at time 1 16. (If desired, the interval could just 45 
as well begin at the next adjustment time period after 
the AV margin has been added.) A T s counter is used to 
keep track of the search time, i.e., to determine if the T s 
interval has expired. The T s counter is reset at the 
beginning of a given search sequence, e.g., at times so 
104 and 114 in FIG. 4. In FIG. 4, the next AV interval 
adjustment sequence begins at time 120, at the expira- 
tion of the T s interval. The situation shown in FIG. 4 
assumes that between the time 118 and the time 120, 
something has happened to the patient that significantly 55 
lowered the natural conduction time. For example, the 
patient may have experienced physical exercise, which 
would tend to temporarily lower or shorten the conduc- 



tion time, or AR interval. In any event, at the expiration 
of the T s interval, at time 120, another adjustment 
search sequence is started. This search sequence pro- 
ceeds as described above, except that the cross-over 
point 122 is reached much sooner in the adjustment 
sequence than before due to the lowering of the natural 
conduction time, or AR interval. The final value of the 
AR interval is determined, as before, as the AV interval 
value at the cross-over point 122, plus the margin value, 
AV M . 

[0068] Continuing with the description shown in FIG. 
4, because the AR interval (conduction time) is gradu- 
ally increasing after the cross over at point 122, it isn't 
long before the AR interval exceeds the newly set AV 
interval value, triggering another search sequence at 
time 124. Such other search sequence proceeds as 
previously described, eventually setting a new AV inter- 
val value at 126. 

[0069] One feature of the AV interval adjustment 
sequence of the present invention not invoked for the 
situation shown in FIG. 4, but which feature applies to 
the first mode searches performed in FIG. 4 (as welt as 
to the second mode adjustment searches illustrated in 
FIG. 5) is that the control system logic monitors the time 
interval between AV interval adjustment sequences, t A . 
If t A is less than a first prescribed threshold, indicating 
that the AV interval search sequences are being 
invoked more often than is desired, then the invention 
automatically increases the AV margin, AV M , in order to 
reduce the frequency of triggering the AV search 
sequences. Conversely, if t A exceeds a second pre- 
scribed threshold, indicating that the AV interval search 
sequence has not been invoked for a long time, then the 
AV margin, AV M , is reduced back to its original value, 
which value is preferably a programmed value, but could 
also be a fixed value or an adaptive value (e.g., being a 
certain percentage of the AV interval value). 
[0070] The process of adjusting the AV interval in 
accordance with the second AV interval adjustment 
mode is further illustrated in FIG. 5. It will be noted that 
FIG. 5 is substantially the same as FIG. 4, with the AV 
interval value being represented by line 102, and the AR 
interval (natural conduction time) being represented by 
the bold line 100. However, in FIG. 5, the AV adjustment 
sequence adjusts the AV interval in the opposite direc- 
tion from that shown in FIG. 4. Thus, when a new search 
is started, at time 130, the AV interval value is set to an 
initial adjustment sequence value 131 that is much 
longer than the AR interval. For the condition shown in 
FIG. 5, the initial AV search value is set to the maximum 
AV interval value 131, AV^x. although this is only 
exemplary. The AV interval value is then maintained for 
the prescribed adjustment time period (which adjust- 
ment time period for the situation shown in FIG. 5 is one 
cardiac cycle, but could be arty number of cardiac 
cycl s or time period) and is then reduced by a pre- 
scribed amount. AV & to a next value for use during the 
next adjustment time period. The adjustment of the AV 
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interval continues in this stair-step fashion until the 
cross-over point 132 is identified. The cross-over point 
for the adjustment mode shewn in FIG. 5, occurs when 
an R-wave ceas s to be detected during the adjustment 
time period. Once the cross-over point is located, the 5 
AV interval value used during the most recent cardiac 
cycle (the cycle during which the cross-over was noted) 
is then at a value that meets the goals of the adjustment 
sequence: an AV interval value that is less than, but 
close to, the AR interval value. To ensure an added to 
degree of margin in meeting this goal, the invention sub- 
tracts an AV margin, AV Mi from the AV interval value 
used when cross-over was detected in order to arrive at 
a final AV interval value 134. 

[0071] The adjustment process illustrated in FIG. 5 15 
continues, as described above with an AV adjustment 
sequence being triggered whenever the natural conduc- 
tion time becomes less than the AV interval, as occurs 
at time 136, or whenever the search time interval, T s , 
times-out, as occurs at time 1 40. 20 
[0072] FIG. 5 also illustrates the adjustment of the AV 
margin, AV M , in the event that a second AV interval 
adjustment search commences within a time t A of a 
prior search that is less than a prescribed threshold. In 
such instance, as shown in FIG. 5, at the conclusion of 25 
the second search, the margin is increased to a value 
AV M | N , which value may be. e.g., twice as large as AV M . 
[0073] The search time T s used by the present inven- 
tion is used so that not too much time goes by without 
adjusting the AV interval. Otherwise, the natural con- 30 
duction time could change in a direction that leaves a 
large difference between it and the AV interval without 
such difference being detected. The search time T s , 
however, is preferably not too short of a time period, 
else Av interval adjustments might occur too frequently. 35 
A typical minimum value for T s is 30-60 minutes. A typ- 
ical maximum value for T s is 48-72 hours. 
[0074] The threshold used in connection with monitor- 
ing the time between adjustment search sequences, t A , 
is typically measured in cardiac cycles, and will usually 40 
range from 10-30 cardiac cycles. Such threshold is pref- 
erably a programmable number, but it may also be a 
fixed number, or an adaptive number (computed, e.g, as 
a prescribed percentage or ratio of previously measured 
t A time periods). 45 
[0075] In addition to the search time T s and the mon- 
itoring of the elapsed time t A in between adjustment 
searches, the present invention also utilizes a suspend 
search time T1 that may be invoked in the event that a 
prescribed number of searches occur within a relatively so 
short time period. Such suspend search time thus rec- 
ognizes that it may not be in the patient's best interest to 
have adjustment searches being performed again and 
again and again. The repeated need to perform a 
search, as determined by the parameters monitored by ss 
theinv rrtion, may actually b symptomatic f additi nal 
problems that need to be investigated by a physician. 
Hence, in such instances -where the s arch sequenc 
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has been invoked more than, e.g., a dozen times within 
a 30-minute period- the invention automatically sus- 
pends searching for a time period T1 . The time p riod 
T1 is a programmable value that is typically measured in 
terms of days, e.g., 3 days. Thus, if AV interval search- 
ing is suspended, then during the T1 time period, the 
pacemaker continues to perform its programmed pacing 
function, as always, but without making any adjust- 
ments to the AV interval value. 
[0076] Turning next to FIG. 6, a functional block dia- 
gram is illustrated of the pacemaker components used 
to carry out the AV interval adjustment sequences 
shown in FIGS. 4 and 5. It is noted that most of the com- 
ponents shown in FIG. 6 are included in the control sys- 
tem 26 or memory 40 (FIG. 1), and more particularly are 
considered part of the state logic 62, programmable 
timer 76, andfor T.O. Decode Logic 78 (FIG. 2). It is 
noted that the function performed by the components 
shown in FIG. 6 can be achieved using numerous hard- 
ware and/or microprocessor-based configurations. That 
which is shown in FIG. 6 is merely exemplary of one 
such configuration. 

[0077] As seen in FIG. 6, the memory 40 includes 
addressable locations therein that contain various data 
and parameters used during operation of the pace- 
maker. One set of such parameters are the various AV 
interval values, AV M , N , AV1, AV2, ... AVn, AV^x that 
may be used during the AV adjustment sequence. Such 
set of values are then retrieved, one at a time during a 
given adjustment time period, and loaded into an AV 
register 160 and an AV timer 162. The AV timer 162 is 
used to define the AV interval by loading the desired AV 
interval value therein and counting down to zero, issuing 
an appropriate time-out (T.O.) signal when the count- 
down has been completed. Alternatively, in the event an 
R-wave occurs before the AV interval has timed-out, the 
count remains in the AV timer 162 provides a measure 
of the A R interval, or conduction time. The initial value 
of the AV interval, loaded in the register 160, may then 
be compared to the AR interval in order to ascertain the 
difference between the two values. Such difference may 
be used to steer the selection of the next AV value, 
thereby providing a truly adaptive adjustment of the AV 
interval. 

[0078] Operation of the AV register 160 and the AV 
timer 162 is controlled by the AV adjustment logic 164. 
Basically, included in such logic is a means for detecting 
the occurrence of atrial activity. Such means are func- 
tionally represented in FIG. 6 by the OR gate and the A- 
V latch 168. The occurrence of either a P-wave, repre- 
sented by the signal "IPW, or the occurrence of an "A- 
Trig* signal (used to trigger the A-PG 18 in FIG. 1 to 
generate an A-pulse) are sensed by the OR gate 166, 
with either event causing the A-V latch to be set. Simi- 
larly, the occurrenc of either an R-wave, represented 
by the signal "IRW, or the occurrence of a "V-Trig" sig- 
nal (used to trigger th V-PG 20 in FIG. 1 to generate a 
V-pulse) are sensed by OR gat 170 to reset the A-V 
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latch 168. Thus, during the AV interval portion of a car- 
diac cycle, the A-V latch 168 is set, and during the V-A 
interval portion of a cardiac cyct , the A-V latch 168 is 
reset. 

[0079] The output of the OR gate 1 70 also serves as s 
a cardiac cycle clock signal, which cycle clock signal is 
counted in a cycle counter 172. Such cycle counter 172 
is used to define the search time T s , as well as to check 
the time that elapses between AV adjustment 
sequences, t A - The cycle clock signal is further used to 10 
clock a two-bit register 174 that monitors the type of 
ventricular activity (V-pulse or R-wave) that occurred 
during the last two cardiac cycles. If the current cardiac 
cycle contains an R-wave, as indicated by the IPW sig- 
nal, then such signal sets the f irst bit to a "1 ". If the cur- is 
rent cardiac cycle contains a V-pulse, as indicated by 
the V-Trig signal, then such signal sets the first bit to a 
"0". At the occurrence of the next cardiac cycle, this bit 
is shifted to the second bit of the register, and the first bit 
is set appropriately to indicate the type of ventricular 20 
activity in the new current cardiac cycle. Thus, in this 
manner, the register 174 always contains an indication 
of the type of ventricular activity that occurred during the 
two most recent cardiac cycles. 

[0080] An Exclusive OR gate 1 76 checks the contents 25 
of the register 174 to detect if a change has occurred. If 
the present cardiac cycle includes an R-wave, whereas 
the cardiac cycle immediately preceding the present 
cardiac cycle contained a V-pulse, then the output of the 
Exclusive OR gate 176 will be a T, indicating that a 30 
change occurred in the type of ventricular activity. Simi- 
larly, if the present cardiac cycle includes a V-pulse, 
whereas the cardiac cycle immediately preceding the 
present cardiac cycle contained an R-wave, then the 
output of the Exclusive OR gate 176 will also be a "1", 35 
indicating that a change occurred in the type of ventricu- 
lar activity. However, if the two most recent cardiac 
cycles both contained a V-pulse, or both contained an 
R-wave, then the output of the Exclusive OR gate 176 
will be a "0", indicating that no change occurred in the 40 
type of ventricular activity over the last two cardiac 
cycles. 

[0081] Logic circuitry 178 within the AV adjustment 
logic 164 monitors the A-V Latch 168 (represented by 
an Activity signal), the cycle counter 1 72, and the Exclu- 45 
sive OR gate 176 (represented by a V-Channel change 
signal), in conjunction with the contents of the AV timer 
162 and the AV register 160, in order to carry out the AV 
adjustment sequences described above. 
[0082] The above process is further illustrated with so 
reference to FIG. 7, which shows a timing waveform dia- 
gram associated with the operation of the circuitry of 
FIG. 6. As seen in FIG. 7, various events are repre- 
sented in the event line 180 at the top of the figure. 
These events include, in th following order, a P-wave 55 
181, an R-wave 182, an A-pulse 183, an R-wave 184, 
an A-pulse 185, a V-pulse 186, a P-wave 187, and a V- 
putee 188. As a result of the occurrence of these sig- 



nals, the Activity signal, which is the output of the A-V 
latch 168, is set to a high (or T value) following the 
occurrence of atrial activity, and is set to a low (or "0" 
value) following the occurr nee of ventricular activity. 
The occurrence of ventricular activity also generates a 
cycle clock signal, with one pulse for each cardiac cycle. 
The V-Channel Change signal remains at a low or w 0" 
value except upon the occurrence of the V-pulse 186, 
which V-pidse occurs in the cardiac cycle following the 
R-wave 184. 

[0083] The AV Load signal shown in FIG. 7 is gener- 
ated by the logic circuitry 1 78 during the cardiac cycle to 
load a desired AV interval value into the AV register 160 
and the AV timer 162. Note that such loading occurs 
prior to the beginning of the AV interval, so that the 
associated registers and timers are loaded and ready to 
go upon the occurrence of atrial activity. Thus, as soon 
as atrial activity occurs, the AV timer is enabled, as con- 
trolled by the AV Timer Enable signal. The AV Timer 
Enable signal allows the AV timer 1 62 to continue count- 
ing until ventricular activity occurs. If the ventricular 
activity is a V-pulse, then the AV timer has timed-out, 
and a Time-Out pulse is generated, as shown by the AV 
Timer TO. signal line in FIG. 7. If the ventricular activity 
is an R-wave, then the AV timer has not timed-out, but 
still contains a count therein representative of the AR 
interval. Note that the AV Timer Enable signal is thus 
essentially the same as the Activity signal. 
[0084] The bottom two signal lines in FIG. 7 show, in 
diagrammatic form, the desired AV interval and the AR 
interval, assuming an adjustment of the AV interval from 
a value AV9 to a value AV6, where the AV values are 
getting shorter, and assuming a second mode AV 
adjustment is being performed (as in FIG. 5). Note that 
the first AV value, AV9, is significantly longer than the 
AR interval, and hence the R-wave 182 is generated, 
inhibiting the generation of any V-pulse. Based on the 
difference between AV9 and the corresponding AR 
interval, a new AV interval, AV8 is selected. This new 
value of AV8 may simply be the next value of the AV 
interval stored in memory; may be the value AV9 
reduced by a prescribed step size, AV S ; or may be an 
adaptive value that is computed based on the difference 
between AV9 and its corresponding AR interval. In any 
event, as seen in FIG. 7, the next AV interval value, AV8, 
is also still longer than the corresponding AR interval. 
Hence, the R-wave 184 occurs, and the generation of a 
V-pulse is inhibited. The next AV value, AV7, is just 
slightly shorter than the corresponding AR interval. 
Hence, the V-pulse 186 is generated before the R wave 
occurs. As the V-pulse 1 86 is very near to the end of the 
natural conduction time, as evidenced by the AR inter- 
val being just slightly longer than the AV7 interval, it is 
desirable to further decrease the AV interval, as indi- 
cated by the AV interval AV6 that is loaded for use dur- 
ing the next cardiac cycle. The AV6 value is the AV7 
value adjusted by the appropriate AV margin, AV M . 
[0085] It is noted that the AV register 160 is only 
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needed when an adaptive adjustment of the existing AV 
interval is to be made as a function of the difference 
betwe n the existing AV interval and the AR interval, or 
as a computation using a prescribed step size, AV S . Th 
register 160 thus provides a baseline reference of what 5 
the AV interval was at the start of the cardiac cycle, and 
provides a convenient holding location to temporarily 
hold the current AV value during the cardiac cycle so 
that the next AV value can be easily computed there- 
from for the next cardiac cycle, or other adjustment w 
period. 

[0086] Turning next to FIGS. 8-1 and 8-2, a flowchart 
is shown that further details the manner in which the 
present invention carries out the AV adjustment 
sequence illustrated in FIGS. 3-5. ft should be kept in 75 
mind that the primary object of this AV interval adjust- 
ment is to automatically set an AV interval value that is 
near, but different than, the natural conduction time 
interval. In a first adjustment mode, the AV interval is set 
to be just greater than the natural conduction time, or 20 
AR interval, thereby favoring the occurrence of R- 
waves. In a second adjustment mode, the AV interval is 
set to be just less than the natural conduction time, or 
AR interval, thereby favoring the generation of V-pulses. 
In the flowchart of FIGS. 8-1 and 8-2, each main step of 25 
the sequence is shown as a "block" or "box", with each 
block having a reference numeral assigned thereto to 
aid in the explanation of the sequence. Such flowchart 
is particularly helpful when the invention is implemented 
using a microprocessor, or equivalent processing 30 
device, that follows a stored program, with the flowchart 
representing the stored program that is used by such 
processor. 

[0087] As shown in FIG. 8-1 , after starting or enabling 
the automatic AV interval adjustment feature, (block 35 
200). the operating values associated with the using 
such automatic adjustment feature are set (block 202). 
Such values include, e.g., the minimum and maximum 
values for the AV interval, AV MIN and AVj^; the search 
time T s ; the suspend search time T1 ; the initial AV mar- 40 
gin, AV M , an AFLAG (indicating whether the first or sec- 
ond adjustment mode is to be used), and the like. Then, 
a T1 timer is reset (block 204) Once the T1 timer is 
reset, all of the initial conditions are set, and the AV 
adjustment process is ready to begin at point "A" in the 45 
flowchart 

[0088] A first step in the adjustment process is to 
determine if the T1 (suspend) timer has expired (block 
206). Obviously, if the process has just started, then 
there has not yet been an occasion to suspend further so 
searching. But, H the process has been going on for 
some time, and if the suspend function has been 
invoked, then the adjustment sequence will not be 
invoked or started until T1 has expired. If the T1 (sus- 
pend) timer has not expired, then normal pacing is per- ss 
formed (block 208) without any adjustments being mad 
to the AV int rval. Periodically, or as programmed, a 
determination is made as to wheth r pacing should con- 



tinue with the automatic AV interval adjustment feature 
enabled (block 210). If not, then the automatic adjust- 
ment feature is disabled and the adjustment process 
stops (block 212). 

[0089] Once the suspend time has elapsed (block 
206), then a determination is made as to whether the 
first or second adjustment mode is to be followed. Such 
determination is made by examining the AFLAG (block 
214). If AFLAG is a "0", for example, then that means 
that the second adjustment mode is to be used wherein 
the AV interval is to be set to a value less than the natu- 
ral conduction time, AR, as illustrated in FIG. 5. In which 
case, the flowchart continues, through connector "B", to 
FIG. 8-2. If AFLAG is a "1 \ then that means that the first 
adjustment mode is to be used wherein the AV interval 
is set to a value greater than the natural conduction 
time, AR, as illustrated in FIG. 4. 
[0090] To begin the first adjustment mode, as seen in 
FIG. 8-1 beginning at connector "C", the T s counter is 
first reset and a flag, RFLAG is reset (block 216). As 
indicated below, RFLAG is used to indicate when cross- 
over occurs. Next, to start the adjustment sequence, the 
AV interval is set to its initial adjustment value (block 
218). The AV interval then begins during the next car- 
diac cycle (block 220), and a determination is made as 
to whether an R-wave is sensed during the timing out of 
the AV interval (blocks 222, 224). Normally, during the 
first pass through the adjustment sequence, with the 
new AV interval set to is initial value, an R-wave will not 
be sensed. Hence, the AV interval times-out (block 222) 
without the sensing of an R-wave (block 224). Then, a 
determination is made as to whether the RFLAG has 
been set (block 236). In this instance, for the first time 
through the sequence, no R-waves have yet been 
detected, so the RFLAG is not set Thus, a V-pulse is 
issued (block 240). After the V-pulse is issued, the AV 
interval value is increased by a specified amount, which 
may be a fixed step size AV S . With a new AV interval in 
place, the process repeats during the next adjustment 
time period (which is usually the next cardiac cycle), 
with the AV interval starting (block 220), a determination 
being made as to whether an R-wave occurs during the 
AV interval (blocks 222, 224), a V-pulse being issued 
(block 240), and the AV interval being increased to its 
next adjustment value (block 242). 
[0091] The above process continues to repeat as 
many times as is necessary, with each pass through the 
sequence utilizing a different AV value, until an R-wave 
is detected before the AV interval times-out (blocks 222, 
224). When an R-wave is sensed during the AV interval 
(block 224), then the RFLAG is set (block 224). The 
RFLAG is used as a means of keeping track of when the 
first R-wave occurs, and hence when cross-over occurs. 
After setting the RFLAG, a determination is made as to 
whether the search tim count rT s isz ro (block 228). 
Becaus as the T s counter is res tt zero at the begin- 
ning of th adjustment sequence (block 216), and 
because th incrementing of the T s counter has n tyet 
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started, this determination is made simply to determine 
if the present pass through this portion of the sequence 
is the first pass of the adjustment sequence through this 
portion of th sequencers , i.e., if T s = 0, then the cur- 
rent AV interval value is the cross-over AV valu , which s 
value may be increased by the AV margin value, AV M 
(block 230). Then, the T s counter is incremented (block 
232), and a determination is made as to whether the T s 
counter has reached its terminal count (block 234). If 
not, then the cycle repeats by starting the AV interval 
(block 220), using the final AV value set by the adjust- 
ment sequence (obtained by adding the AV margin to 
the cross-over AV value, at block 230). 
[0092] With the final AV value being used, an R-wave 
should normally be sensed during the time-out of the AV 
interval (blocks 222, 224) because the AV value was 
deliberately set to a value greater than the natural con- 
duction time, the AR interval. Thus, each time through 
the loop, i.e., during each cycle, the T s counter will be 
incremented (block 232), and a determination will be 
made if the T s counter has reached its terminal count. 
[0093] The above cycling through the sequence loop 
(blocks 220, 224, 228, 232 and 234) continues until one 
of two events transpire. The first event that causes the 
sequencing to stop is the failure of an R-wave to occur 
during the timing out of the AV interval (block 222). If no 
R-wave 15 sensed, and if the RFLAG is set (block 236), 
and if additional searching is not to be suspended (block 
244), then a new search sequence begins by jumping 
back to point "C on the flowchart. As discussed above, 
searching (i.e., performing an adjustment of the AV 
interval by searching for a new AV interval value that is 
near, but not the same as, the conduction time interval) 
may be suspended if too many searches have been per- 
formed in a short time period. Should searching be sus- 
pended, then the T1 timer is started, and the process 
reverts back to point "A" on the flowchart. 
[0094] The second event that causes the sequencing 
(blocks 220, 224, 228, 232 and 234) to stop is the timing 
out of the T s counter (block 234). If the time period 
defined by the T s counter has expired, then a determi- 
nation is made as to whether searching should be sus- 
pended (block 244), and if not, the next search is 
immediately started by having the sequence revert back 
to point "C on the flowchart. If searching is to be sus- 
pended, then the T1 timer is started, and the process 
reverts back to point "A** on the flowchart. 
[0095] Turning next to FIG. 8-2, the sequence that is 
followed when the second adjustment mode is to be 
used is illustrated (point "B" on the flowchart). This 
sequence closely parallels the sequence followed when 
the first adjustment mode is used, as described above. 
The sequence starts by resetting the T s counter and a 
VFLAG (block 250). The VFLAG, similar to the RFLAG. 
is used to indicate when cross-over first ccurs, and the 
VFLAG is set, as explained below, when th first V-putse 
occurs. Aft r resetting the VFLAG and T s counter, th 
AV interval is set t its initial value for use in the adjust- 



ment search. For the second adjustment mode, the ini- 
tial value is set to a value that will be longer than the 
conduction time, e.g., AV^^ (block 252). Then, during 
th pacing cycle, the AV interval is started (block 254), 
and a det rmination is made as to whether an R-wave 
occurs during the timing out of the AV interval (blocks 
256, 258). During the first pass through the adjustment 
sequence, an R-wave should occur, because the AV 
interval starts out at a value known to be longer than the 
conduction time. If the VFLAG is not set (block 260), 
which it should not be at this part of the sequence, then 
the AV interval is decreased by a prescribed amount, 
e.g.. a prescribed step size AV S (block 264). Then the 
sequence repeats (blocks 254, 258, 260, 264), with a 
different, shorter, value of the AV interval being used 
during each pass through the sequence until the cross- 
over point is reached. 

[0096] The cross-over point is reached when the AV 
interval being used is less than the natural conduction 
time, causing the AV interval to time-out (block 256) 
without sensing an R-wave (block 258). When the AV 
interval times-out (block 256), the VFLAG is set (block 
266), and a V-puIse is issued (block 268). If the T s coun- 
ter is zero (block 270), which it will be during the first 
pass through this portion of the sequence, then the 
specified AV margin, AV M is subtracted from the cross- 
over AV value in order to arrive at the final AV adjust- 
ment value (block 272). A determination is then made 
as to whether the T s counter is at its terminal count 
(block 276), and if not, the sequence repeats (blocks 
254, 256. 268, 270. 274. 276). continuing to use the 
final AV interval value, until one of two events occurs, 
which events will usually trigger a new search 
sequence. 

[0097] The f irst event that can trigger a new search 
sequence after a final AV interval value has been set is 
the occurrence of an R-wave (block 258) before the tim- 
ing out of the AV interval (block 256). When an R-wave 
is sensed, a determination is made as to whether the 
VFLAG is set (block 260). If it is set, then a new search 
sequence will be started unless searching is to be sus- 
pended (block 278). The new search for an AV interval 
value starts by returning to point "B" on the flowchart. 
[0098] The second event that can trigger a new search 
sequence after a final AV interval value has been set is 
the timing out of the T s counter (block 276). Should the 
T s time period elapse, then a new search is started by 
returning to point "B" on the flowchart, absent a determi- 
nation that all searching (adjustment of the AV interval) 
is to be suspended (block 278). If searching is to be sus- 
pended, then the T1 timer is started (block 280), and the 
sequence returns to point "A" on the flowchart (FIG. 8- 
1)- 

[0099] As described above, it is thus seen that the 
pres nt invention provides an implantabl pacemaker 
that automatically adjusts its AV interval t a value that 
is just I ss than, or just greater than, the natural conduc- 
tion time f a patient's heart. 
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[0100] As further described above, it is seen that the 
invention provides such adjustment of the AV interval 
while avoiding fusion, i.e., the issuing of a V-pulse on 
top of an R-wav . 

[0101] The invention also provides, as seen from the 5 
above description, an AV interval adjustment sequence, 
or technique, that quickly and automatically searches 
for the desired AV interval value -a value that is just 
less than or just greater than the natural condition time 
interval- and attaches a prescribed margin thereto, 10 
thereby assuring that the desired AV interval value is 
maintained while avoiding fusion. Additionally, it is seen 
that the prescribed margin may be adaptively changed, 
as required, in order to minimize the frequency at which 
the adjustment technique is invoked. is 
[0102] As also described above, it is seen that the 
invention provides an automatic AV interval adjustment 
procedure that is automatically invoked when needed, 
and that can be automatically suspended if invoked too 
often, 20 
[0103] While the invention herein disclosed has been 
described by means of specific embodiments and appli- 
cations thereof, numerous modifications and variations 
could be made thereto by those skilled in the art without 
departing from the scope of the invention set forth in the 25 
claims. 

Claims 

1 . An implantable pacemaker (1 0) comprising: so 

an atrial channel having atrial sensing means 
(22,28) for sensing an atrial depolarization (P- 
wave) and atrial pacing means (18) for generat- 
ing an atrial stimulation pulse (A-pulse); ss 
a ventricular channel having ventricular sens- 
ing means (24,30) for sensing a ventricular 
depolarization (R-wave), and ventricular pacing 
means (20) for generating a ventricular stimula- 
tion pulse (V-puise) ; 40 
a memory circuit (40) wherein operating 
instructions and control parameters are stored; 
and 

a control system (26) coupled to said memory 
circuit (40) and said atrial and ventricular chan- 45 
nels for coordinating the operation of said atrial 
and ventricular sensing means (22,28;24,30), 
and said atrial and ventricular pacing means 
(18,20), in accordance with the programmed 
operating instructions and control parameters so 
stored in said memory circuit (40), said control 
system comprising (26): 
timing means (76) for: (1) defining an AV inter- 
val; (2) defining an atrial escape interval; and 
(3) measuring a conduction time interval, said ss 
conduction time interval comprising the time 
between sensing or pacing in said atrial chan- 
nel and the sensing of an R-wave in said ven- 
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tricular channel; and 

logic means (78) for: (a) generating said V- 
pulse in said ventricular channel at the conclu- 
sion of said AV interval only in the event an R- 
wave is not sensed during said AV interval, said 
AV interval commencing with the occurrence of 
either a P-wave or an A-pulse in the atrial chan- 
nel, and (b) generating said A-pulse in said 
atrial channel at the conclusion of atrial escape 
interval only in the event a P-wave is not 
sensed during said atrial escape interval; char- 
acterised in that the control system further 
comprises adjustment means (26,76,78) for 
automatically adjusting said AV interval to a 
value that is different than said conduction time 
interval so that 

V-pulses are generated by said pacemaker, if 
at all, at a time that is different than said con- 
duction time, thereby avoiding fusion between 
said V-pulses and said R-waves. 

2. The implantable pacemaker, as set forth in Claim 1 , 
wherein said memory circuit (40) includes parame- 
ters stored therein defining a maximum AV interval 
value and a minimum AV interval value, and 
wherein said adjustment means (62,76,78) per- 
forms an adjustment sequence, said adjustment 
sequence comprising: 

(a) means for changing the value of said AV 
interval from an existing AV interval value to an 
initial AV adjustment value for a prescribed 
adjustment time period, and for thereafter 
changing the value of said AV interval in stair- 
step fashion, with said AV interval assuming a 
new AV interval value that is a prescribed incre- 
mental difference than a preceding AV interval 
value for each of a plurality of subsequent 
adjustment time periods, said initial AV adjust- 
ment value and new AV interval values always 
being within the range defined by said maxi- 
mum AV interval value and said minimum AV 
interval value, 

(b) means for determining if there is a change 
in the type of ventricular activity, i.e., an R-wave 
or a V-pulse, that occurs in the most recent 
adjustment time period compared to the type of 
ventricular activity that occurred in the adjust- 
ment time period just prior to the most recent 
adjustment time period, a change in the type of 
ventricular activity providing an indication that 
the new AV interval value used in the most 
recent adjustment time period has just crossed 
over, i.e. become longer or shorter than, the 
conduction tim interval, and 

(c) setting a final AV adjustment value as a 
function of the AV interval value used in the 
most recent adjustment tim period for which a 
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change was detected in the type of ventricular 
activity that occurred in the ventricular channel. 

The implantable pacemaker, as set forth in Claim 2, 
wherein said pacemaker may be programmably s 
configured to operate in a first mode or a second 
mode, wherein said first mode causes said adjust- 
ment means to automatically set said final AV 
adjustment value to a value that is greater than said 
conduction time interval by a specified amount, io 
whereby an R-wave will normally occur in the ven- 
tricular channel before the termination of said AV 
interval; and said second mode causes said adjust- 
ment means to automatically set said final AV 
adjustment value to a value that is less than said is 
conduction time interval by a specified amount, 
whereby a V-pulse will normally be generated in the 
ventricular channel prior to occurrence of an R- 
wave. 

20 

The implantable pacemaker, as set forth in Claim 3, 
wherein said initial AV adjustment value comprises 
said minimum AV interval value when said pace- 
maker is programmably configured to operate in 
said first mode; and comprises said maximum AV 25 
interval value when said pacemaker is programma- 
bly configured to operate in said second mode. 

The implantable pacemaker, as set forth in Claim 3, 
wherein said final AV adjustment value is set to be 30 
the AV interval value used in the most recent 
adjustment time period for which a change was 
detected in the type of ventricular activity that 
occurred in the ventricular channel plus: (1) a posi- 
tive AV margin for a pacemaker configured in said ss 
first mode, whereby the final AV adjustment value is 
longer than the AV interval value used in the most 
recent adjustment time period, and (2) a negative 
AV margin for a pacemaker configured in said sec- 
ond mode, whereby the final AV adjustment value is 40 
shorter than the AV interval value used in the most 
recent adjustment time period. 

The implantable pacemaker, as set forth in Claim 5, 
wherein said AV margin comprises a specified 45 
number of said prescribed incremental difference. 

The implantable pacemaker, as set forth in Claim 6, 
wherein said AV margin comprises one prescribed 
incremental differenca so 

The implantable pacemaker, as set forth in Claim 2, 
wherein said adjustment means begins an adjust- 
ment of the AV interval value whenever: (1) there is 
a change in the type of ventricular activity that ss 
occurs in the ventricular channel at a time when the 
AV interval value is not being adjusted, or (2) a 
search interval, T s , times-out, whichever event 



occurs first; said search interval, T s . beginning 
upon the setting of said AV interval value to its initial 
AV adjustment valu by said adjustment means, 
and concluding a programmable search time inter- 
val thereafter. 

9. The implantable pacemaker, as set forth in Claim 8, 
wherein said search interval, T s , comprises 1-72 
hours. 

1 0. The implantable pacemaker, as set forth in Claim 2, 
wherein said adjustment means further monitors 
the time interval between the beginning of one 
adjustment sequence and the beginning of the next 
adjustment sequence, and automatically changes 
the final AV adjustment value to increase the differ- 
ence between it and the conduction time in the 
event the time interval between adjustment 
sequences is less than a prescribed threshold. 

11. The implantable pacemaker, as set forth in Claim 
10, wherein the prescribed threshold against which 
the time interval between adjustment sequences is 
checked by said adjustment means comprises 10- 
30 cardiac cycles, where a cardiac cycle comprises 
the time interval between consecutive ventricular 
activity in the ventricular channel. 

12. The implantable pacemaker, as set forth in Claim 2, 
wherein the prescribed adjustment time period 
comprises a specified number of cardiac cycles, a 
cardiac cycle comprising the time interval between 
consecutive ventricular activity in the ventricular 
channel. 

13. The implantable pacemaker, as set forth in Claim 
12, wherein the prescribed adjustment time period 
comprises one cardiac cycle. 

Patentanspruche 

1 . Implantierbarer Schrittmacher (1 0) mit: 

einem Vorhofkanal, der eine Vorhofsensorein- 
richtung (22, 28) zum Ermitteln einer Vorhofde- 
polarisation (P-Welle) und eine 
Vorhofschritteinrichtung (18) zur Erzeugung 
eines Vorhofstimulationspulses (A-Puls) auf- 
weist; 

einem Ventrikularkanal, der eine Ventrikularer- 
mrttlungseinrichtung (24, 30) zur Ermittlung 
einer ventrikularen Depolarisation (R-Welle) 
und eine Ventrikularschritteinrichtung (20) zur 
Erzeugung eines ventrikularen Stimulations- 
pulses (V-Puls) aufweist; 
einer Speicherschaltung (40), in welcher die 
Betriebsanweisungen und Steuerparameter 
gespeichert sind; und mit 
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einem Steuersystem (26), das mit der Spei- 
cherschaKung (40) und den Vorhof- und Ventri- 
kularkanaien zum Koodinieren des Betriebs 
der Vorhof- und Verrtrikularermittlungs inrich- 
tungen (22, 28; 24, 30) und der Vorhof- und 5 
Ventrikularschrrtteinrichtungen (18, 20) in 
Obereinstimmung mit den programmierten 
Betriebsanweisungen und Steuerparametern, 
die in der Speicherschaltung (40) gespeichert 
sind, verbunden ist, wobei das Steuersystem w 
(26) umfaBt: 

eine Einrichtung zur Zettabstimmung (76) zum: 
(1) Bestimmen eines AV Intervalls; (2) Bestim- 
men eines VorhofausstrOmintervalls; und (3) 
Messen eines Lertungszeitintervalls, wobei das 15 
Leitungsze'rtintervall die Zeit zwischen dem 
Ermitteln oder dem Schrittmachen in dem Vor- 
hofkanal und dem Ermitteln einer R- Welle in 
dem Ventrikularkanal umfaBt; und eine Logik- 
einrichtung (78) zum: (a) Erzeugen des AV-Pul- 20 
ses in dem Ventrikularkanal am SchluB des AV 
Intervalls nur in dem Fall, daB eine R-Welle 
wflhrend des AV Intervalls nicht ermittelt wird, 
wobei das AV-Intervall mit dem Auftreten von 
entweder einer P-Welle oder einem A-Puls in 25 
dem Vorhofkanal beginnt. und (b) Erzeugen 
des A-Pulses in dem Vorhofkanal am SchluB 
des Vorhofausstrdmintervalls nur fur den Fall, 
daB eine P-Welle wahrend des VorhofausstrG- 3. 
mintervalls nicht ermittelt wird; dadurch 30 
gekennzeichnet, daB das Steuersystem ferner 
Einstellvorrichtungen (26, 76, 78) zum automa- 
tischen Anpassen des AV Intervalls an einen 
Wert, der unterschiedlich zu dem des Lertungs- 
zeitintervalls ist, umfaBt, so daB, falls Ober- 35 
haupt, V-Pulse durch den Schrrttmacher zu 
einer Zeit erzeugt werden, die unterschiedlich 
ist zu der LeitungszeH, wodurch die Fusion zwi- 
schen den V-Pulsen und den R-Wellen vermie- 
den wird. 40 

Implantierbarer Schrrttmacher nach Anspruch 1, 
bei welchem die Speicherschaltung (40) in ihr 
gespeicherte Parameter beinhaftet, die einen maxi- 
malen AV-lrrtervall-Wert und einen minimalen AV- 45 
Irrtervall-Wert definieren und in welchem die Ein- 
stellvorrichtungen (62, 76, 78) eine Einstellungsse- 4. 
quenz durchfuhren, wobei die Einstellungssequenz 
umfaBt: 

50 

(a) Mittel zum Wechseln des Werts des AV 
Intervalls von einem existierenden AV Intervall- 
wert zu einem anfanglichen AV Einstellwert fOr 
eine vorgeschriebene Einstellzeitperiode und 
furd n nachfolgend nWechs Id s Werts des 55 
AV Intervalls in Treppenstufenform, wobei das 5. 
AV Int rvall einem neu n AV Intervaliw rt 
annimmt, der eine vorg schriebene inkremen- 



telle Differenz ist zu einem vorhergehenden AV 
Intervallwert fOr jede einer Vielzahl von nach- 
fblgenden Einstellzeitperioden, und wobei der 
anfangliche AV Einstellwert und die neuen AV 
Intervallwert sich immer innerhalb des 
Bereichs befinden, der durch den maximalen 
AV Intervallwert und den minimalen AV Inter- 
vallwert def iniert werden, 

(b) Mittel zum Bestimmen ob ein Wechsel des 
Typs der Venfrikularaktivitat vorliegt, d. h. einer 
R-Welle oder eines V-Pulses, die in der letzten 
Einstellzeitperiode verglichen mit dem Typ der 
Ventrikularaktrvrtat auftrrtt, die in der Einstell- 
zeitperiode unmittelbar vor der letzten Einstell- 
zeitperiode aufgetreten ist, wobei ein Wechsel 
dem Typ der VentikuIaraWivitat eine Angabe 
bereitsteltt, daB der neue AV Intervallwert, der 
in der letzten Einstellzeitperiode verwendet 
wurde, gerade das Leitungszeitintervall 
geschnitten hat, d. h. grOBer oder kurzer 
geworden ist als dieses, und 

(c) Setzen eines AV Endeinstellwertes als eine 
Funktion des AV Intervalfwerts, der in der letz- 
ten Einstellzeitperiode verwendet worden ist, 
fur welche ein Wechsel im Typ der Ventrikular- 
aktivitat ermittelt worden ist, die in dem Ventri- 
kularkanal aufgetreten ist. 

Implantierbarer Schrrttmacher nach Anspruch 2, 
bei welchem der Schrittmacher programmierbar 
konfiguriert werden kann, um in einem ersten 
Modus oder einem zwerten Modus zu arbeiten, 
wobei der erste Modus die Einstelleinrichtungen 
veranlaBt den AV Endeinstellwert automatisch auf 
einen Wert zu setzen, der um eine spezifizierte 
GrOBe grOBer ist als das Leitungszeitintervall. 
wodurch eine R-Welle normalerweise in dem Ven- 
trikularkanal vor dem Ende des AV-lrrtervalls auftre- 
ten wird; und wobei der zweite Modus die 
Einstelleinrichtungen veranlaBt, den AV Endeins- 
tellwert automatisch auf einen Wert zu setzen, der 
um eine spezifizierte GrOBe niedriger ist als das 
Leitungszeitintervall, wodurch ein V-Pufs normaler- 
weise in dem Ventrikularkanal vor dem Auftreten 
einer R-Welle erzeugt werden wird. 

Implantierbarer Schrittmacher nach Anspruch 3, 
bei welchem der anfangliche AV Einstellwert den 
minimalen AV Intervallwert umfaBt, wenn der 
Schrittmacher programmierbar konfiguriert ist, um 
in dem ersten Modus zu arbeiten; und welcher den 
maximalen AV Intervallwert umfaBt, wenn der 
Schrittmacher programmierbar konfiguriert ist, um 
in dem zwerten Modus zu arbeiten. 

Implantierbarer Schrittmacher nach Anspruch 3, 
bei welchem der AV Endeinst llwert als der AV 
Intervallwert gesetzt sein soil, der in der i tzten Ein- 
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stellzeitperiode verwendet worden ist. for welche 
ein Wechsel im Typ der Ventrikularaktivitat in dem 
V ntrikularkanal aufgetreten ist, plus: (1) einem 
positiven AV UberschuB fOr einen Schrittmacher, 
der in dem ersten Modus konf iguriert ist, wodurch 5 
der AV Endeinstellwert grOBer ist als der AV Inter- 
vallwert, der in der letzten Einsteilzeitperiode ver- 
wendet worden ist, und (2) einem negativen AV 
UbeschuB fur einen Schrittmacher, der in dem 
zweiten Modus konfiguriert ist, wodurch der AV 10 
Endeinstellwert geringer ist als der AV Intervallwert, 
der in der letzten Einsteilzeitperiode verwendet 
worden ist. 

6. Implantierbarer Schrittmacher nach Anspruch 5, 15 
bei welchem der AV OberschuB eine spezifizierte 
Anzahl der vorgeschriebenen inkrementellen Diffe- 
renz umfaBt. 

7. Implantierbarer Schrittmacher, bei welchem der AV 20 
UberschuB eine vorgeschriebene inkrementelle 
Differenz umfaBt 

8. Implantierbarer Schrittmacher nach Anspruch 2, 

bei welchem die Einstelleinrichtung eine Einstel- 25 
lung des AV Intervallwertes immer dann beginnt: 
(1) wenn ein Wechsel in dem Typ der Ventrikularak- 
tivitat, die in dem Ventrikularkanal zu einem Zeit- 
punkt, wenn der AV Intervallwert nicht eingestellt 
wird, auftritt, oder (2) wenn ein Suchintervall T s 30 
ausiauft, je nachdem, welches Ereignis zuerst auf- 
tritt; wobei das Suchintervall T s mit dem Setzen 
des AV Intervallwerts auf seinen AV Anfangsein- 
stellwert durch die Einstelleinrichtung beginnt und 
nach einem programmierbaren Suchzeitintervall 35 
abschlieBt 

9. Implantierbarer Schrittmacher nach Anspruch 8, 
bei welchem das Suchintervall T s 1 bis 72 Stunden 
umfaBt. 40 

10. Implantierbarer Schrittmacher nach Anspruch 2, 
bei welchem die Einstelleinrichtung ferner das Zeit- 
intervall zwischen dem Beginn der einen Einstellse- 
quenz und dem Beginn der nachsten 45 
Einstellsequenz uberwacht und automattsch den 

AV Endeinstellwert wechselt, urn die Differenz zwi- 
schen ihm und der Leitungszeit zu erhOhen, fur den 
Fall, daB das Zeitintervall zwischen den Einstellse- 
quenzen geringer ist als eine vorgeschriebene so 
Schwelle. 

11. Implantierbarer Schrittmacher nach Anspruch 10, 
bei welchem die vorgeschriebene Schwelle, gegen- 
uber der das Zeitintervall zwischen d n Einst Use- 55 
quenzen durch die Einstelleinrichtung ub rpruft 
wird, 10 bis 30 Herzzyklen umfaBt, wob i ein Herz- 
zyWus das Zeitintervall zwischen auf inanderfol- 



gender Ventrikularaktivitat in dem Ventrikularkanal 
umfaBt 

12. Implantierbarer Schrittmacher nach Anspruch 2, 
bei welchem die vorgeschriebene Einsteilzeitperi- 
ode eine spezifizierte Anzahl von Herzzyklen 
umfaBt, wobei ein HerzzyWus das Zeitintervall zwi- 
schen aufeinanderfolgender Ventrikularaktivitat in 
dem Ventrikularkanal umfaBt. 

13. Implantierbarer Schrittmacher nach Anspruch 12, 
bei welchem die vorgeschriebene Einsteilzeitperi- 
ode einen HerzzyWus umfaBt. 

Revendications 

1 . Stimulates cardiaque implantable (1 0) comprenant 



un canal atrial comportant des moyens de 
detection atriale (22, 28) pour d£tecter une 
d£polarisation atriale (onde P) et des moyens 
de stimulation atriale (18) pour g£n£rer une 
impulsion de stimulation atriale (impulsion A) ; 
un canal ventriculaire comportant des moyens 
de detection ventriculaire (24 , 30) pour d£tec- 
ter une depolarisation ventriculaire (onde R), et 
des moyens de stimulation ventriculaire (20) 
pour g6n6rer une impulsion de stimulation ven- 
triculaire (impulsion V) ; 
un circuit de mgmoire (40) dans lequel des ins- 
tructions de fonctionnement et des paramfetres 
de contrfile sorrt memorises ; et 
un systeme de contrOle (26) couple audit circuit 
de memoire (40) et auxdits canaux atrial et 
ventriculaire pour coordonner le fonctionne- 
ment desdits moyens de detection atriale et 
ventriculaire (22, 28 ; 24, 30), et desdits 
moyens de stimulation atriale et ventriculaire 
(18, 20) confbrm6merrt aux instructions de 
fonctionnement et aux param&tres de contrdle 
programmes memorises dans (edit circuit de 
m6moire (40), fedri syst6me de contrdle (26) 
comprenant : 

des moyens de synchronisation (76) pour : (1) 
d6finir un intervalle AV ; (2) d6finir un intervalle 
de sortie atriale ; et (3) mesurer un intervalle de 
temps de conduction, ledit intervalle de temps 
de conduction comprenant le temps entre la 
detection ou la stimulation dans ledit canal 
atrial et la detection d'une onde R dans ledit 
canal ventriculaire ; et 

des moyens logiques (78) pour : (a) g£n£rer 
ladite impulsion V dans ledit canal ventriculaire 
a la f in dudit int rvalle AV uniquemerrt dans le 
cas ou un ond R n'est pas detect 6e pendant 
ledit intervalle AV, ledit intervall AV commen- 
gant par Tappariti n s it d'un onde P, soit 
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d'une impulsion A dans le canal atrial, et (b) 
generer ladite impulsion A dans (edit canal 
atrial k la fin de llntervalle de sortie atriale uni- 
quement dans le cas ou une onde P n'est pas 
detectee pendant ledit intervalle de sortie s 
atriale ; caracterise en ce que le systeme de 
contrdle comprend, de plus, des moyens 
d'ajustement (26, 76. 78) pour ajuster automa- 
tiquement ledit intervalle AV k une valeur qui 
est drfferente dudit intervalle de temps de con- w 
duction, de sorte que 

des impulsions V soient generees par ledit sti- 
mulateur cardiaque, si elles sont generees, k 
un moment different dudit temps de conduc- 
tion, evitant de ce fait une fusion errtre lesdrtes 75 
impulsions V et lesdites ondes R. 

Stimulateur cardiaque implantable selon la revendi- 
cation 1, dans lequel ledit circuit de memoire (40) 
comprend des parametres qui y sont memorises 20 
def inissant une valeur d'intervalle AV maximale et 
une valeur d'intervalle AV minimale, et dans lequel 
lesdits moyens d'ajustement (62, 76, 78) executent 
une sequence d'ajustement, ladrte sequence 
d'ajustement comprenant : 25 

(a) des moyens pour modifier la valeur dudit 
intervalle AV d'une valeur d'intervalle AV exis- 
tante en une valeur d'ajustement AV initiate 
pendant une periode de temps d'ajustement 30 
prescrite, et pour, ensuite, modifier la valeur 
dudit intervalle AV par etape, (edit intervalle AV 
prenant une nouvelle valeur d'intervalle AV qui 
preserrte une difference incremental prescrite 
par rapport k une valeur d'intervalle AV prece- 35 
dente pendant chacune d'une plurality de 
periodes de temps d'ajustement su'rvantes, 
ladrte valeur d'ajustement AV initiate et les nou- 
velles valeurs d'intervalle AV etant toujours 
comprises dans la plage definie par ladrte 40 
valeur d'intervalle AV maximale et ladrte valeur 
d'intervalle AV minimale. 

(b) des moyens pour determiner si une modifi- 
cation du type d'activite ventriculaire, c'est-a- 
dire une onde R ou une impulsion V, s'est pro- 45 
duite pendant la periode de temps d'ajuste- 
ment la plus recente, compare au type 
d'activite ventriculaire qui s'est produrt pendant 

la periode de temps d'ajustement juste avant la 
periode de temps d'ajustement la plus recente, so 
une modification du type d'activite ventriculaire 
fournissant une indication du fait que la nou- 
velle valeur d'intervalle AV utilisee pendant la 
periode de temps d'ajustement la plus r6cente 
vient de croiser, c'est-^-dire qull est devenu ss 
plus long ou plus court, Tirrtervalle de temps d 
conduction, et 

(c) la det rmination cfune valeur d'ajustement 



AV finale comme une fonction de la valeur 
d'intervalle AV utilisee pendant la periode de 
temps d'ajustement la plus recente pendant 
laquelle une modification du type d'activite qui 
s'est produite dans le canal ventriculaire a ete 
d6tect6e. 

3. Stimulateur cardiaque implantable selon la revendi- 
cation 2, dans lequel ledit stimulateur cardiaque 
peut etre configure de maniere programmable pour 
fonctionner dans un premier mode ou darts un 
second mode, dans lequel ledit premier mode 
amene lesdits moyens d'ajustement k regler auto- 
matiquemerrt ladrte valeur d'ajustement AV finale k 
une valeur qui est superieure audit intervalle de 
temps de conduction dune quantite specrfiee, de 
telle maniere qu'une onde R apparattra normale- 
ment dans le canal ventriculaire avant la fin dudit 
intervalle AV ; et ledit second mode amene lesdits 
moyens d'ajustement k regler automatiquement 
ladite valeur d'ajustement AV finale k une valeur qui 
est rnf erieure audit intervalle de temps de conduc- 
tion d'une quantite specrfiee, de telle maniere 
qu'une impulsion V soit generee normalement dans 
le canal ventriculaire avant rapparrtion d'une onde 
R. 

4. Stimulateur cardiaque implantable selon la revendi- 
cation 3, dans lequel ladite valeur d'ajustement AV 
initiate comprend ladrte valeur d'intervalle AV mini- 
male lorsque ledit stimulateur cardiaque est confi- 
gure de maniere programmable pour fonctionner 
dans ledit premier mode ; et comprend ladrte valeur 
d'intervalle AV maximale lorsque ledit stimulateur 
cardiaque est configure de maniere programmable 
pour fonctionner dans ledit second mode. 

5. Stimulateur cardiaque implantable seJon la revendi- 
cation 3, dans lequel ladite valeur d'ajustement AV 
finale est determinee de maniere k §tre la valeur 
d'intervalle AV utilisee pendant la periode de temps 
d'ajustement la plus recente pendant laquelle une 
modification du type d'activite ventriculaire qui s'est 
produite dans le canal ventriculaire a et6 detectee, 
plus : (1) une marge AV positive pour un stimulateur 
cardiaque configure dans ledit premier mode, de 
telle maniere que la valeur d'ajustement AV finale 
soit superieure k la valeur d'intervalle AV utilisee 
pendant la periode de temps d'ajustement la plus 
recente, et (2) une marge AV negative pour un sti- 
mulateur cardiaque configure dans ledit second 
mode, de telle maniere que la valeur d'ajustement 
AV finale sort inferieure k la valeur d'intervalle AV 
utilisee pendant la periode de temps d'ajustement 
la plus recent . 

6. Stimulateur cardiaque implantable selon la revendi- 
cation 5, dans lequel ladite marge AV comprend un 
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nombre specif i6 de ladite difference incr6mentale. 

7. Stimulateur cardiaque implantable selon la revendi- 
cation 6, dans lequel ladite marge AV comprend 
une difference incr6mentale prescrrte. s 

8. Stimulateur cardiaque implantable selon la revendi- 
cation 2, dans lequel lesdits moyens d'ajustemerrt 
commencent un ajustementde la valeur d'intervalle 

AV chaque fois : (1) qu'une modification du type 10 
d'activit§ ventriculaire se produit dans le canal ven- 
triculaire k un instant ou la valeur cf intervalle AV 
n'est pas ajustee, ou (2) qu'un intervalle de recher- 
che, T s , s'est 6coul6, quel que soit I'6v6nement qui 
se produit en premier ; ledrt intervalle de recherche is 
T s commengant lors du r6glage de ladite valeur 
d'intervalle AV & sa valeur d'ajustemerrt AV initiale 
par lesdits moyens d'ajustemerrt, et s'achevant un 
intervalle de temps de recherche programmable 
aprfcs. 20 

9. Stimulateur cardiaque implantable selon la revendi- 
cation 8, dans lequel (edit intervalle de recherche 
T s comprend 1-72 heures. 

25 

10. Stimulateur cardiaque implantable selon la revendi- 
cation 2, dans lequel lesdits moyens d'ajustemerrt 
contrdlent, de plus, rintervalle de temps errtre le 
commencement d'une sequence d'ajustemerrt et le 
commencement de fa sequence d'ajustemerrt sui- 30 
vante, et modifient automatiquemerrt la valeur 
d'ajustemerrt AV finale pour augmenter la diffe- 
rence errtre celui-ci et le temps de conduction dans 

le cas ou rintervalle de temps errtre les sequences 
d'ajustemerrt est inferieur & un seuil prescrit 35 

1 1 . Stimulateur cardiaque implantable selon la revendi- 
cation 10, dans lequel le seuil prescrit par rapport 
auquel rintervalle de temps errtre les sequences 
d'ajustemerrt est contr8l6 par lesdits moyens d'ajus- 40 
tement comprend 10-30 cycles cardiaques, ou un 
cyde cardiaque comprend llntervalle de temps 
entre les activrt6s ventriculaires cons6cutives dans 

le canal ventriculaire. 

45 

12. Stimulateur cardiaque implantable selon la revendi- 
cation 2, dans lequel la p§riode de temps d'ajuste- 
ment prescrrte comprend un nombre sp6cifi6 de 
cycles cardiaques, un cycle cardiaque comprenarrt 
rintervalle de temps errtre les activit^s ventriculai- so 
res cons6cutives dans le canal ventriculaire. 

13. Stimulateur cardiaque implantable selon la revendi- 
cation 1 2, dans lequel la p6riode de temps d'ajuste- 
ment prescrrte comprend un cycl cardiaque. ss 
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